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l. Statement of Interest

The following proposed Limited Scale Aquifer Storage and Recovery Pilot Project is a collaborative
venture by the City of Ada, the Chickasaw Nation, East Central University and the USEPA Kerr Lab to
develop technical means and methods for future full-scale Aquifer Storage and Recovery (ASR) using
managed aquifer recharge (MAR) methods. Tests proposed in this document and seeking permitting fall
squarely in the description of activities that should seek permitting as Limited Scale Aquifer Storage and
Recovery (LSASR) pilot projects in the LSASR permit application guidance document provided by
Oklahoma Department of Environmental Quality: these tests will help City of Ada determine the
feasibility of a prospective full-scale ASR project and will provide aquifer flow characteristic data for
research purposes for collaborators from academia and the USGS. Activities seeking permitting in this
application consist of up to 3 tracer tests using a natural recharge structure (e.g. a sinkhole) and
subsequent groundwater and springflow monitoring that will help characterize the impacts of storm-
driven recharge on Arbuckle-Simpson Aquifer (ASA) groundwater. These tests will achieve several goals
of the project partners, listed here in order of priority:

1. Satisfy the information needs required for the eventual submission of a full-scale ASR
application to ODEQ by obtaining necessary detail about aquifer properties and identifying that
planned future ASR activities in the region pose no threat to groundwater resources.

2. Broadly benefit understanding of advective flow and its implications for bio-attenuation in the
fractured carbonate/karst matrix of the Arbuckle-Simpson aquifer in the Byrds Mill Spring
capture zone.

3. Provide information on aquifer characteristics that can be incorporated into the USGS Arbuckle-
Simpson Aquifer Phase Il Groundwater Model update.



Il. Proposed Location & Site Description

Geography

The City of Ada MAR (Managed Aquifer Recharge) site is located in south-central Oklahoma
approximately 5.1 km (3.2 mi) southwest of Fittstown in Pontotoc County, Oklahoma on land owned and
operated by the City of Ada, OK (Figure 1 and Figure 2). Roughly situated along the eastern edge of the
Arbuckle-Simpson Aquifer, a sinkhole is located at 34°35’11.3”N 96°40°47.1”W and is found along a
ravine that runs into a small pond which periodically overflows into the sinkhole. The PLSS location of
the site is the SE % NW % S4 T1N R6E. The area of the pond under normal conditions is roughly 1,800 m?
(5,900 ft). The elevation of the area which includes the sinkhole and the pond sits between 340-345 m
(1,115-1,132 ft) above mean sea level. Byrds Mill Spring is located northeast 1.5 km (0.95 mi) from the
sinkhole and the Blue River is located 1.5 km (0.91 mi) west of the sinkhole. The immediate land in the
area is made up of tall grass prairie and forest.
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Figure 1: Regional-scale map of City of Ada MAR Research Site. Inset site map (gray, dashed rectangle) shown in Figure 2.
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Figure 2: City of Ada MAR Research Site Map. Distance from the sinkhole intended for use as an enhanced recharge feature is
approximately one mile from Byrds Mill Spring. Pink rectangle shows approximate extent of City of Ada MAR Research Facility.

Climate

Climate data are collected and reported by Oklahoma Mesonet and Oklahoma Climatological Survey
which are operated jointly by the University of Oklahoma and Oklahoma State University (Oklahoma
Climatological Society, 2017). Like much of the state, this area is within the Képpen climate classification
of humid subtropical climate. Temperatures for Fittstown, OK average a maximum of 22.8°C (73°F), a
minimum of 10°C (50°F), and an annual of 16.7°C (62°F) (Oklahoma Climatological Society, 2017). Annual
precipitation averages 1046 mm (41 in) annually with historical extremes of 1625 mm (64 in) and 595.4
mm (23 in). Fittstown experiences 76 days a year with precipitation along with 50 thunderstorm days
(Oklahoma Climatological Society, 2017). Weather data are collected automatically every 5 minutes at



the Fittstown Mesonet weather station located at 34° 33’ 7” N, 96° 43’ 4” at an elevation of 350 m (1148
ft). The research site also has two weather stations collecting a range of meteorological data.

Geology

This site sits on top of the Ordovician Arbuckle group, specifically, the West Spring Creek Formation,
which is principally karstified dolomite with minor sandstone beds (Figure 3). The area is located at the
eastern edge of the Hunton Anticline. Subsurface faults generally trend to the northeast and northwest.
It is suspected that numerous unidentified faults likely follow the same directional trend of the
identified faults. The geology has been mapped as surficial geology by Ham et al. (1954), revised by
Johnson et al. (1990), and discussed in Fairchild et al. (1990). A large-scale project was conducted by a
consortium of researchers in the 2000s that resulted in a 3D geologic model of the Hunton anticline
region (Faith, et al., 2010). The project also resulted in a database of hydrogeologic publications and
reports related to the Arbuckle Simpson aquifer.
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Figure 3: Geological map of the region surrounding the research site. (After Lidke & Blome, 2017).

Hydrogeology

The regional scale hydrogeology of the City of Ada MAR site is part of the Eastern Arbuckle Simpson
aquifer which is the aquifer name for the Hunton Anticline structural portion of the aquifer. The regional
scale system was modeled in MODFLOW by the USGS and while a fractured, karstic system, it does
model well on the regional scale as a continuum flow system (Christenson, et al., 2011). The system is
not well differentiated vertically as the well logs do not have significant features to correlate laterally,
except the “brown zone” which can be distinguished in cores and geophysical well logs.

The regional system is unconfined in the shallow portion and changes aquifer type with depth (Rahi &
Halihan, 2013). The aquifer becomes semiconfined at depths of 100-200 m (330-660 ft) and fully
confined at deeper depths. Regional-scale faults and fractures generate vertical anisotropy that causes



the aquifer to be nearly isothermal with depth (Swinea, 2011) and to require the MODFLOW model to
include vertical flow to allow calibration (Christenson, et al., 2011). The regional water table at the
research site has a flow direction from the south to the southeast (Fairchild, Hanson, & Davis, 1990).

The water table at the research site is approximately 30 m (100 ft) deep. A long-term monitoring well
installed in 1958 by the USGS (USGS Fittstown Well, USGS ID 343457096404501) is available to evaluate
long-term aquifer conditions (Figure 2). The site also has five constructed aquifer monitoring locations
called EAR1 — EAR5. These monitoring locations, as well as the location of the USGS well, are detailed in
Figure 2 and Table 1. There are multiple piezometers of varying depth installed at each location to
monitor aquifer conditions near the site sinkhole. Individual piezometers at each of locations EAR 1-4
can be observed in Figure 4. The list below details completed or planned piezometer installations at
each monitoring location. Their depths are identified in Table 2. Note that wells EAR-1D and EAR-5D
are planned but are not yet constructed. Also note that a geophysical logging of the USGS well is
planned but has not yet been performed. The USGS website identifies a well depth of 121 m (396 ft)
and a hole depth of 520 m (1707 ft), but there is reason to believe that the hole was abandoned below
121 m (396 ft).

e EAR-1 Location: Wells EAR-1, EAR-1S, EAR-1I, EAR-1D (Proposed, but not yet constructed)
e EAR-2 Location: Wells EAR-2, EAR-2S

e EAR-3 Location: Wells EAR-3, EAR-3S

e EAR-4 Location: Wells EAR-4, EAR-4S

e EAR-5 Location: Wells EAR-5, EAR-51, EAR-5D (Proposed, but not yet constructed)

It is expected that all of the already-constructed wells, including the USGS well, will be used for tracer
test monitoring. EAR wells were constructed for the purpose of monitoring tracer tests, but the USGS
well pre-dates this study and was constructed for other purposes. Deep wells that are not yet
constructed may be used for tracer test monitoring if constructed in time, but are more intended for
other aquifer characterization tasks.



34°35'8"N

Sinkhole

A

[\
34° 358" N
@ Sinkhole === Fault @® Monitoring Wells 60 m I
200 ft [ ]

Figure 4: Potentiometric surface developed from existing monitoring well water levels that shows hydrologic gradient from
approximately northwest down to southeast.

Two nearby springs are available for monitoring as well. Byrds Mill Spring is located a mile to the
northeast of the sinkhole along the Ham Fault. Sheep Creek Spring is located to the southeast of the site
(Figure 1). Monitoring stations also exist on the Blue River to the west of the site at bridge crossings. The
research site is north of the City of Ada wellfield which consists of five deep production wells (Adal —
Ada5) (Figure 1). These wells are plumbed to Byrds Mill Spring and are only pumped when the flow at
Byrds Mill Spring is low.

Under most conditions groundwater flows in the southerly direction towards the USGS Fittstown Well or
Ada Well 3. During storm events, geophysical data suggest when the water table rises, the flow direction
potentially changes and groundwater flows to the northeast towards Byrds Mill Spring along the Ham
Fault in a conduit that exists largely above the base water table elevation. A regional potentiometric
surface is shown in Figure 5, and a local potentiometric surface measured in the vicinity of the MAR
sinkhole is shown in Figure 4. Water chemistry displays calcium-magnesium bicarbonate type water
(Christenson, Hunt, & Parkhurst, 2009).
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Figure 5: Potentiometric map of the Arbuckle-Simpson aquifer. Flow is toward the east-southeast direction (Pickens, 2018).

Table 1: List of monitoring well locations at the City of Ada MAR Research Site.

Aquifer Monitoring Northing (Y) Easting (X) Elevation (2Z)
Location Name UTM meters UTM meters TOC meters
EAR 1 3829587.58 712796.21 346.15
EAR 2 3829644.34 712845.16 342.87
EAR 3 3829712.30 712784.14 343.04
EAR 4 3829695.10 712866.28 342.53
EAR 5 3829821.83 713241.71 348.67
USGS 3829235.11 712837.11 351.31

Details on the construction of monitoring wells with no suffix and suffix “S” are available in Section B.1.1
of Appendix C-1, a Quality Assurance Project Plan for an EPA study at this site (Beak & Ross, 2020).
Another document is presented as Appendix C-9 that details the well completion information for wells
with suffix “1” and “D” in Table 2. Table 2 details their total depth and screened/open depth interval.
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Table 2: Total depth and screened/open interval of existing and proposed wells at research site. Rows highlighted in gray are
not yet constructed. Adapted from (Beak & Ross, 2020).

Top of Open
Well Name Inteprval mp (ft) Total Well Depth m (ft)
below land surface
below land surface

EAR-1 9(30) 46 (150)
EAR-2 9 (30) 46 (150)
EAR-3 9(30) 46 (150)
EAR-4 9 (30) 46 (150)
EAR-1S 24 (80) 30 (100)
EAR-2S 24 (80) 30 (100)
EAR-3S 24 (80) 30 (100)
EAR-4S 24 (80) 30 (100)
EAR-1| 61 (200) 76 (250)
EAR-5I 61 (200) 76 (250)
EAR-1D 76 (250) 305 (1000)
EAR-5D 76 (250) 230 (750)
USGS

343457096404501 i 121 (396)




IIl.  Purpose and Scope

The City of Ada, the Chickasaw Nation, East Central University and the USEPA Kerr Lab are currently
implementing an Managed Aquifer Recharge (MAR) research project with three phases, detailed below:

e Phase 1: Seeking permitting through this LSASR application. Tracer tests using native recharge
features to characterize the aquifer and gather data for Phase 2 and a full-scale ASR permit
application submission to ODEQ.

e Phase 2: Will seek permitting through a full-scale ASR permit application submission to ODEQ.
Construction of multiple proposed retention structures on ephemeral drainages in a single
watershed and monitoring to determine success of system in recharging aquifer.

o Phase 3: Construction of retention structures on ephemeral drainage throughout the watershed
to provide recharge to the ASA.

The City of Ada’s MAR approach involves overland flow from significant rainfall events being captured by
small, serial retention structures on ephemeral drainages and allowed to infiltrate rather than runoff.
The net effect, within a delineated ground water/surface water basin, is the conversion of stormflow to
baseflow. The long-term impacts are more persistent ground water and surface water resources and
enhanced springflow and baseflow during dry periods.

By the ODEQ definition of Aquifer Storage and Recovery (ASR), the MAR activities proposed in this
project are considered to be a form of ASR, and fall under the scope of ASR permitting protocols. They
are referred to as ASR activities in the remainder of this report, accordingly. Phase 1 of this project is
currently underway, and includes four injection tests, three of which are seeking permitting through this
LSASR Pilot Project application. Results from Phase 1 are expected to supply local and regional scale
aquifer process characterization to the final system design for Phase 2 and 3 implementations, and
provide critical information needed for eventual full-scale ASR applications that will be submitted to
ODEQ to permit later phases. Key research objectives that will benefit proposed full-scale system design
and the full-scale ASR application include determinations of attenuation rates for chemical and
biological stressors and evaluation of particulate transport in fractured rock aquifers. Additionally,
current and future management of ASA ground water resources would benefit from an improved
understanding of (1) local hydrogeologic gradients and groundwater velocities/fluxes within the Byrds
Mill Spring capture zone; (2) lateral and potentially vertical solute and particulate travel times and
associated hydrologic parameters within the representative formations that comprise the ASA; and (3)
effective solute/particulate travel times between recharge features and Byrds Mill Spring. All these
characterization needs will be improved significantly through the planned multi-phase and multiple-
constituent tracer test to be implemented as part of Phase 1.

In Phase 1, a native recharge structure (sinkhole) located at the City of Ada’s MAR facility is being
studied to evaluate the quality and quantity impacts of storm driven recharge to the Arbuckle-Simpson
Aquifer (ASA) on hydraulically connected springflow. The project team proposes to evaluate and
compare traditional chemical tracer methods and fluorescent magnetic particulate (250 nm) tracer
methods, in the context of ongoing bacteriological and physical/chemical characterizations. The tests
are designed so that particle tracer tests will be tied to results from chemical tracer tests, yielding a
more complete understanding of the karst pathway sizes and the possibility for colloidal transport.
Defined concentrations and volumes of chemical and chemical/particle tracer mixtures (see Section
“Raw Water Characterization”) will be introduced through the sinkhole at the MAR facility. The project
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team will utilize magnetic and visual filter collection approaches to address the tracer sample collection
challenges associated with diffuse spring discharge and monitoring wells. The project team will compare
the arrival time and concentration profile of fluorescent magnetic particles and some conservative
chemical tracers (NaCl) to seasonal variations in aquifer recharge and bacterial assessment of water
guality at monitored locations. An on-site weather station will record precipitation during the duration
of the tests. Nearby Oklahoma Mesonet meteorology stations provide additional atmospheric and
groundwater information. A nearby USGS groundwater monitoring point provides long term data for the
chemical analysis (nonreactive tracer concentration and nano-particle detection) and reactive transport
modeling.

The hypothetical full-scale ASR activities that this small-scale study will support will benefit baseflow and
springflow in the region and represent an innovative water management adaptation strategy. Tracer
tests executed as part of this phase are vital due diligence to ensure, prior to site-scale or full-aquifer-
scale ASR implementation, that aquifer processes are fully understood and that activities associated
with future project phases will be successful: specifically that future phase activities will increase
baseflow and springflow magnitudes and that they will not negatively impact groundwater quality. If
successful, tracer tests will offer evidence that ASR-supplied water will not have the capability to
introduce pathogens to groundwater via fracture flow. Additional results from these tracer tests have a
separate benefit of providing hydrogeologic parameters that will be used to inform parts of the planned
USGS Phase Il model in this region. Finally, the project also achieves the science goal of testing a nano-
particle tracer as a biological particulate surrogate that has the potential to become a standard tool for
water system managers and water resource professionals to evaluate risks associated with surface
activities in spring capture zones in other systems, though this is lower priority and not necessary for the
eventual submission of a full-scale ASR permit application to ODEQ.
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IV.  Tracer Test Workplan

Sub-test 1 of Phase 1 has already been permitted by submission of a letter to ODEQ requesting
permission to perform the test, and has been completed. This test was designed to optimize logistics of
subsequent tracer tests by injecting a slug of potable water with no additional tracer material. The slug
of groundwater was thermally distinct from (at a higher temperature than) ASA groundwater at the time
of injection in order to identify optimal well locations for monitoring. Sub-test 1 is summarized below:

1. Operation test of tracer slug delivery utilizing test-site infrastructure. Potable water (18.9 m3
/5,000 gallons, Arbuckle-Simpson Aquifer-sourced, unprocessed and acquired from natural flow
at Byrds Mill Spring) stored in two 9.5 m? (2,500 gallon) tanks was delivered using a pump and
discharge hose to the major sinkhole at the MAR facility. The objective was to test delivery
components and determine sustainable discharge rates that the sinkhole is capable of
conveying. Data logging pressure transducers in monitoring wells were used to record pressure
head, temperature and conductivity data to determine local scale impacts from the slug release
as described in the section Post-deployment Monitoring Activities. The correspondence
requesting permission for the test that was submitted by City of Ada to ODEQ and the
permission letter received from ODEQ by City of Ada are included in this document as Appendix
D. Results from sub-test 1 are included in Appendix A. Sub-test 1 showed that operational
components are functional, and allowed for the determination that the conveyance rate of the
slug delivery system, 16 I/s (250 gpm), could be accommodated by the natural recharge feature
for the length of the tracer release.

Sub-test 2 is a deployment of a tracer slug consisting of a nonreactive chemical tracer (NaCl) and
thermally distinct water. Sub-test 3 is the deployment of a tracer slug consisting of Groundwater
Tracing Particles (GTPs), a nonreactive chemical tracer and thermally distinct water. Details about the
composition, toxicity characteristics and production of GTPs are provided in Appendix B. If the sampling
frequency used for sub-test 3 does not adequately capture the breakthrough of the GTPs because of
rapid travel times, team personnel will consult on performing sub-test 4. Activities associated with sub-
tests 2-4 from the Phase 1 workplan that are seeking permitting through this application are outlined in
more detail below. Science activities and data collection and analysis tasks detailed here will adhere to
the QA/QC plan detailed in Appendix C.

Summary of Sub-tests Seeking Permitting

2. Slug deployment of nonreactive chemical tracer(s) and thermally distinct water into sinkhole. A
proposed principal NaCl tracer (250 mg/| as Cl" initial concentration solution) will be deployed in
a 18.9 m3 (5,000 gal) slug of potable water from on-site storage tanks. At this point, short-term
monitoring following this subtest will proceed as identified below in the section Post-
deployment Monitoring Activities. Collected groundwater samples will only be analyzed to
determine Cl concentration. Details on the preparation of the NaCl tracer, including the
approximate mass of NaCl added to raw water, are provided in the section Raw Water
Characterization.

3. Slug deployment of Groundwater Tracing Particles (GTP), nonreactive chemical tracer(s) and
thermally distinct water into sinkhole. Sub-test 3 will not begin until detectable parameter
(pressure, temperature, conductivity) perturbation, in the monitoring wells nearest the natural
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recharge feature, has ended or decreased to near background levels. The GTPs, the NaCl
nonreactive chemical tracer(s) and thermally distinct water will be deployed in a 18.9 m? (5,000
gallon) slug of potable water from on-site storage tanks. At this point, short-term monitoring
following this subtest will proceed as identified below in the section Post-deployment
Monitoring Activities. Collected groundwater samples will be analyzed to determine CI
concentration, the amount of magnetic material present and the amount of fluorescent material
present. Details on the preparation of the NaCl and GTP tracer are provided in the section Raw
Water Characterization.

4. Second slug deployment of GTPs, nonreactive chemical tracer(s) and thermally distinct water
into sinkhole. Sub-test 4 will not begin until detectable parameter (pressure, temperature,
conductivity) perturbation, in the monitoring wells nearest the natural recharge feature, has
ended or decreased to near background levels. A second release of the GTPs, the NaCl
nonreactive chemical tracer(s) and thermally distinct water will be deployed in a 18.9 m? (5,000
gallon) slug of potable water from on-site storage tanks. At this point, short-term monitoring
following this subtest will proceed as identified below in the section Post-deployment
Monitoring Activities. Collected groundwater samples will be analyzed to determine CI
concentration, the amount of magnetic material present and the amount of fluorescent material
present. Details on the preparation of the NaCl and GTP tracer are provided in the section Raw
Water Characterization.

Post-deployment Monitoring Activities

Baseline monitoring was performed before Sub-test 1 occurred. Baseline monitoring involved sampling
for specific ions used in tracer tests and water quality to provide a baseline dataset for comparison after
sub-tests have been performed.

Short-term monitoring described below is expected to occur between sub-tests and for 6 months
following the final sub-test. Short-term monitoring will provide all the data that is needed for the
aquifer characterization that is expected to inform the full-scale ASR application submitted at the onset
of Phase 2. Long-term monitoring, including occasional groundwater sampling, will occur at the site for
2 years following the completion of the final sub-test as part of further science activities for aquifer
characterization — these results are not anticipated to be necessary for submission of the full-scale ASR
application.

Short-term (6 month) monitoring activities will occur during and after slug release for each of the above
sub-tests. These activities consist of data collection and data analysis that will constrain flow paths and
identify any particulate preferential flow in the aquifer, determine local hydrogeologic gradients and
groundwater velocities/fluxes in the aquifer as well as hydrologic parameters of representative ASA
formations, and identify solute/particulate travel times from recharge areas in the Byrds Mill Spring
capture zone to the spring itself. Overall, these tests are intended to confirm that aquifer characteristics
are well understood and that ASR activities in this area will not impair groundwater resources. Protocols
for all science activities described in this section are detailed in Appendix C.

After each sub-test, the project team plans to perform short-term monitoring and sampling for tracers in
monitoring wells and at Byrds Mill Spring. Based on estimated hydrologic properties of the ASA, initial
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breakthroughs in on-site monitoring well locations 1-4 near the natural recharge feature are anticipated
within hours to days. Particulate travel times to proposed mid-path monitoring well 5 and to Byrds Mill
Spring are anticipated to be in the range of 4-8 days. Monitoring in all subtests is based (primarily) on
continuous monitoring data from in-situ pressure, temperature, and conductivity loggers. Data from
loggers will be collected weekly to monthly depending on location and subtest activity. In addition,
Electrical Resistivity Imaging (ERI) will be used in Subtests 2 and 3. ERI data collection (in locations
associated with EAR 1-4) is real time and will occur for short durations up to days immediately after the
release of the tracer material in Subtests 2 and 3.

Monitoring wells will be sampled for chemical tracers (Sub-tests 2 and 3) and for fluorescent/magnetic
particles (Sub-tests 3). The frequency and duration of sampling for sub-test 2 will vary based on location.
The frequency of groundwater sampling for chemical and fluorescence monitoring is predicted to range
from daily for 2 weeks following subtests in near wells, to monthly during short- and long-term
monitoring at BMS. As tracer breakthrough is observed in any of the monitoring well screens, tracer
monitoring will be extended to additional down-gradient locations as available. The sampling frequency
will be increased in the locations where breakthrough was observed until tracer breakthrough can be
defined adequately to support hydrogeologic analysis. Following observation of breakthrough in any
location, hydrogeologic analyses will be completed to determine the optimum sampling frequency to
define the tracer breakthrough profile. The necessity for continued sampling will be evaluated
periodically. Sampling practices will be the same for sub-test 3 as for sub-test 2, unless the project team
identifies that there is a need to modify sampling plans based on the outcome of sub-test 2.

Sub-test 4, as identified above, would consist of a subsidiary tracer deployment with modified protocols
to better capture breakthrough based upon findings. Aspects of the deployment and subsequent
monitoring that may be modified in this case include the sampling frequency, sampling locations, and
the proportions of tracer slug components.

The schedule detailed here is also provided in Table 1 of Appendix A.

Proposed Source of Water

The water delivered to the aquifer via the on-site sinkhole will be unprocessed Arbuckle-Simpson
aquifer water, acquired from natural flow at Byrds Mill Spring and transported to the MAR facility.
Water will be delivered as a 18.9 m3 (5,000 gallon) slug for each of Sub-tests 2-4. This water originates
in the aquifer and should be chemically similar to that in the aquifer. Byrds Mill Spring water quality and
more details about water used for injection are provided in the section Raw Water Characterization.

Use of Recovered Water

Instead of storing treated water via injection and then recovering it at the same location later for human
use, water introduced into the aquifer at the sinkhole (in Phase 1) and, in proposed future phases, via
infiltration behind small impoundment structures on surface drainage pathways (planned Phases 2 and
3) will recharge the Arbuckle Simpson Aquifer for the purpose of increasing local springflow and
baseflow in rivers. None of the water released in this pilot project will be recovered for use from the
recharge locations. Some of the water may be recovered at City of Ada municipal water wells or at the
Byrds Mill Spring intake for City of Ada municipal water supply after it migrates through the aquifer.
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Proposed Method of Recharge

In this phase, 18.9 m3 (5,000 gallon) slugs of water will be delivered from two on-site 9.5 m* (2,500
gallon) tanks directly into an aquifer-connected sinkhole using a pump and discharge hose. The aquifer-
connected sinkhole is a natural recharge feature for the aquifer. The location of on-site storage tanks
that will be used to hold the water before delivery is approximately at the sinkhole location identified in
Figure 1. Figure 6 and Figure 7 depict the storage tanks and hoses used for storage of water and
conveyance of that water to the natural recharge feature. These images were taken during the
completion of sub-test 1.

In sub-tests 2-4, water will be conveyed from the storage tanks through the same hoses to the natural
recharge feature. Water will be conveyed simultaneously from both tanks, and the approximate
discharge into the natural recharge feature will be 16 I/s (250 gpm). During sub-test 1, it was confirmed
that this discharge could be delivered with the existing conveyance infrastructure and that the natural
recharge feature is capable of conveying this discharge for the duration of a single test. For more details
on the results of sub-test 1, see Appendix A.

Area of Hydrologic Effect

The recharge structure is known to be in the capture zone of Byrds Mill Spring. Regional groundwater
flow in this region is generally to the south towards the USGS Fittstown well (Fairchild et al., 1990).
Local site conditions indicate the flow direction may head towards the north and east towards Byrds Mill
Spring when it encounters a conduit along the Ham Fault that appears to be most weathered above the
base elevation of the groundwater table. Accordingly, the area of hydrologic effect may vary and will be
better defined from these tracer tests, but it approximately consists of an arc from the northeast to the
south of the test facility. The introduction of a large volume of water as part of a tracer test may shift
the groundwater flow direction more towards the northeast and Byrds Mill Spring. Monitoring to other
potential orientations during storm and base flow conditions will be utilized to evaluate the system
response. For more information on the hydrogeology of this area, see the Section “Hydrogeology”.

Existing Wells, Springs, Seeps and Wetlands

The two major springs in the vicinity of the MAR facility are Byrds Mill Spring and Sheep Creek Spring, as
shown in Figure 1. Other than the MAR and USGS monitoring wells at the research site (shown in Figure
2), nearby City of Ada municipal supply wells located in the vicinity of the MAR facility are shown in
Figure 1.

Notice of Filing Plan

City of Ada and the rest of the project team will publish notice of the filing of this LSASR application in
local newspaper The Ada Evening News concurrently with their submission to ODEQ, giving any parties
ample time to provide comment on the application.

Tracer Tests

This LSASR application is seeking permitting of three tracer tests. For all tracer tests, water will be
thermally distinct from (e.g. hotter than) ASA groundwater. Additionally, in each of these tracer tests,
tracer materials will be added to and mixed (via electric paint mixers) with raw water in the storage
tanks before conveyance begins, altering the composition of the raw water. The slug water will be
contained in two 2500-gallon storage tanks, which deliver water in parallel. The material that will be
added for each sub-test is detailed below:
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Sub-test 2 — Chemical Tracer: Enough NaCl will be added to raw water to create a chemical
tracer solution with a concentration of ~250 mg/L. According to Table 3, the Dissolved Na*
concentration in Byrds Mill Spring is about 3.7 mg/L and the CI concentration in Byrds Mill
Spring is about 3.3 mg/L. Based on these concentrations, about 7.8 kg of NaCl (3.9 Kg to each
2500-gal tank) will be added to the raw water. With the addition of this NaCl to create the
chemical tracer, the Dissolved Na* Concentration will likely be about 160 mg/L and the CI
concentration will be just less than 250 mg/L.

Sub-test 3 — Chemical Tracer + GTP: Enough NaCl will be added to raw water to create a
chemical tracer solution with a concentration of 250 mg/L. According to Table 3, the Dissolved
Na* concentration in Byrds Mill Spring is about 3.7 mg/L and the CI" concentration in Byrds Mill
Spring is about 3.3 mg/L. Based on these concentrations, about 7.8 kg of NaCl (3.9 Kg to each
2500-gal tank) will be added to the raw water. With the addition of this NaCl to create the
chemical tracer, the Dissolved Na* Concentration will likely be about 160 mg/L and the CI
concentration will be just less than 250 mg/L. Additionally, a to-be-decided mass of
Groundwater Tracing Particle (GTP) not to exceed 10 kg (5 Kg to each 2500-gal tank) will be
added to raw water. Details about the composition, toxicity characteristics and production of
GTPs are provided in Appendix B. The amount of GTP that the project team uses will ultimately
be based on an analysis of results from sub-test 2. The concentration of chemical tracer
detected in monitoring wells in sub-test 2 will help the project team identify what mass of GTP
needs to be added to the tracer slug in sub-test 3 to reach detection limit concentrations for
GTP in monitoring well samples.

Sub-test 4 — Chemical Tracer + GTP: Enough NaCl will be added to raw water to create a
chemical tracer solution with a concentration of 250 mg/L. According to Table 3, the Dissolved
Na* concentration in Byrds Mill Spring is about 3.7 mg/L and the CI" concentration in Byrds Mill
Spring is about 3.3 mg/L. Based on these concentrations, about 7.8 kg (3.9 Kg to each 2500-gal
tank) of NaCl will be added to the raw water. With the addition of this NaCl to create the
chemical tracer, the Dissolved Na* Concentration will likely be about 160 mg/L and the CI°
concentration will be just less than 250 mg/L. Additionally, a to-be-decided mass of
Groundwater Tracing Particle (GTP) not to exceed 10 kg (5 Kg to each 2500-gal tank) will be
added to raw water. Details about the composition, toxicity characteristics and production of
GTPs are provided in Appendix B. In the event that GTP is not detected in monitoring wells in
sub-test 3, the project team may opt to increase the mass of GTP deployed in the tracer slug in
sub-test 4.

Water will be discharged into the aquifer through a natural recharge feature at a rate of approximately
16 1/s (250 gpm). It will be pumped from the two on-site storage tanks to the natural recharge feature
through two hoses, which will be situated so that they discharge directly into the natural recharge
feature. Each subtest will involve the delivery of 18.9 m? (5,000 total gallons) of raw water from two 9.5
m?3 (2,500 gallon) storage tanks. After the completion of sub-tests 2-4, a total volume of water of 57 m?3
(15,000 gallons) will have been discharged into the aquifer. The composition of this water will not vary
based on discharge rate and discharge rate will be held constant across tests as long as the conveyance
equipment continues to function as expected.
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Figure 6: Image of two black, 9.5 m3 (2,500-gallon) storage tanks located at site taken during Subtest 1. Blue hoses used to
convey water to natural recharge feature are shown in foreground.
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Figure 7: Image of two blue hoses used to convey water from storage tanks to natural recharge feature taken during Subtest 1.
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V. Raw Water Characterization

Raw water being used in this LSASR project will be natural discharge from Byrds Mill Spring. Spring
discharge comes directly from the aquifer, so the raw water that will be injected into the aquifer during
LSASR activities will have the same composition as water in the aquifer. The composition of this water is
detailed based on results from four recent water samples in Table 3. This water will not be sampled
specifically for this project, but sampling of this water is performed regularly by City of Ada to ensure
that it can be used for public supply. BMS water is representative of water quality parameters for
ground water sampled from shallow and intermediate well in the LSASR test area.

Table 3: Results from four recent water samples taken at Byrds Mill Spring.

o Byrds
Parameter |  Units | QUATIIANON | ypy | BYIAS | gy i | Byrds mill | mil
Sprin Spring Spring Spring
pring DUP
Date - - - 2/3/2021 | 4/30/2021 | 6/16/2021 | 6/16/2021
Temp °C - - 17.2 17.4 17.6 17.6
SPC mS/cm - - 0.624 0.628 0.616 0.616
SPC uS/cm - - 624 628 616 616
TDS mg/L - - 403 410 403 403
DO mg/L - - 6.77 6.31 5.90 5.90
pH - - - 7.08 7.04 7.16 7.16
ORP mV - - 258.4 64.2 127.3 127.3
Eh mV - - 458.4 264.2 327.3 327.3
pE - - - 7.74 4.46 5.53 5.53
Turbidity NTU - - 0.84 1.33 2.41 2.41
Alkalinity Cag"gS/L - - 288 290 260 260
Total mg
Hardness CaCOs/L ) ) 28 =0 el i
Fe?* mg Fe2*/L 0.10 0.18 | = - <0.10 <0.10
H.S mg S/L 0.10 <010 | - <0.10 <0.10
Water
Type - - - Ca-HCO3 | Ca-HCO3 | Ca-HCO3 | Ca-HCO3
Anion-
Cation % - - 5.3 7.1 6.1 4.9
Balance
Dissolved m
Hardness CaCOQSIL - - 337.526 139.017 401.016 399.842
(Calc)
Br mg/L 0.03 0.20 0.03 <0.20 0.03 0.02
Cl mg/L 0.02 1.00 3.33 3.39 3.32 3.36
SO, mg/L 0.15 1.00 9.06 8.56 8.81 8.44
F mg/L 0.01 0.20 0.07 0.08 0.08 0.08
| ug/L 0.83 10.0 2.8 2.13 4.31 2.51
DOC mg/L 0.13 0.50 0.22 0.40 0.23 0.18
DIC mg/L 0.05 1.00 84.7 82.9 80.8 83.0
TOC mg/L 0.13 0.50 0.16 0.25 0.22 0.17
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o Byrds
Parameter |  Units | QUATIANON | ypy | BYIAS | gy i | Byrds mill | il
Sprin Spring Spring Spring
— DUP
TIC mg/L 0.05 100 | 848 83.2 815 83.5
mg _ _
H2CO3 e 62 66 51 52
CO2aq | mgCOaL - - 44 47 36 37
HCO3 | mg HCOs/L - - 369 356 360 370
co3 mg COs2/L - - 0.22 0.19 0.26 0.26
NOs+NO, | mg NIL 0.01 010 | 0.89 0.93 0.89 0.92
NH3 mg N/L 0.03 010 | <0.02 <0.10 <0.05 <0.05
TKN mg N/L 0.07 0.0 | 0.09 0.83 0.93 0.96
TON mg N/L - - 0.09 0.83 0.93 0.96
N mg N/L - - 0.97 1.76 1.82 1.88
PO, mg P/L 0.002 0.050 | <0.050 0.025 0.025 0.021
Total P mg P/L 0.002 0.100 | <0.100 0.020 0.016 0.018
D'Siog;ve‘j ugiL 0.5 1 A N I R —
D'SSA‘?I'VEd ugiL 1 5 <5 | e |
Dissolved
" ug/L 0.5 1 10 | e | e |
D'Ssg"’ed ug/L 160 500 <500 <500 <500 <500
D'Sséoall"ec" uglL 0.5 1 51 51 49 49
Dissolved
e ug/L 0.5 1 S IR [ R —
D'Ssge'l"ed mg/L 0.05 050 | 75.4 76.9 73.8 73.6
Dissolved
- ug/L 0.5 1 S IR [ R —
Dissolved
o ug/L 0.5 1 S I [ N —
Dissolved Hg/L 0.5 1 <1 | e e
Cr
Dissolved
- ug/L 0.5 1 S I [ N —
D'SSFoéved ug/L 50 100 | <100 <100 <100 <100
D'SSE'Ved mg/L 1.00 100 | 150 1.37 1.29 133
D'szi"’ed ug/L 10 50 <50 <50 <50 <50
D'Sﬁ’g'lved mgiL 0.05 050 | 36.4 35.7 37.3 37.4
Dissolved
M po/L 0.5 1 S T e B
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itati Byrds
Parameter |  Units | QUATIANON | ypy | BYIAS | gy i | Byrds mill | il
Sprin Spring Spring Spring
pring DUP
Dissolved
Mo po/L 0.8 1 (100 T [ [ I —
D'Ssl\loa'l"Ed mg/L 0.18 2.00 3.91 3.74 3.54 3.63
DISSNOiIVEd po/L 0.5 1 05 | e | e e
Dissolved
Pb po/L 0.5 1 & | == | == | ==
Dissolved
Sh pg/L 0.5 1 B3 ) O I —
Dissolved
Se pg/L 1 5 T | === | === | =
D'Ssgi"’eo' mg/L 0.10 1.00 | 502 5.39 5.45 5.46
D'SSSO r'VEd ug/L 1 10 154 154 145 146
Dissolved
h po/L 0.5 1 08 | @ === | === | =
D'Ssﬁi"’ed ug/L 5 10 <10 <10 <10 <10
DISS_(I_)IIVEd pg/L 0.5 1 S R R T s
DISSSIVEd po/L 0.5 1 13 | e e e
D|ss\(;lved pg/L 0.5 1 09 | - | e e
D'Sszon"’ed ug/L 50 100 <100 <100 <100 <100
Total Ag pg/L 40 100 <120 | - | e | e
Total Al ug/L 40 500 <580 | @ - | o
Total As pg/L 200 200 <230 | | e
Total B pg/L 160 500 <580 <680 | - | -
Total Ba pa/L 0.5 1 53 S e
Total Be pg/L 50 100 2120 || == || = [ ==
Total Ca mg/L 0.05 0.50 76.9 773 | e | -
Total Cd ug/L 50.0 10 <60 | - | o
Total Co pg/L 50.0 10 <60 | | e
Total Cr pg/L 5.0 10 O N =" N [ —
Total Cu pg/L 10.0 100 220 || == || == | ==
Total Fe pg/L 50 100 <120 <120 | @ ----- | -
Total K mg/L 1.00 1.00 1.33 184 | - | -
Total Li po/L 10 50 <60 <60 | @ - | -
Total Mg mg/L 0.05 0.50 33.8 366 | e | -
Total Mn pg/L 50.0 100 220 || == || == | ==
Total Mo pg/L 10.0 50 L | == | === || ==
Total Na mg/L 0.18 2.00 3.82 377 | - | -
Total Ni pg/L 10.0 50 <60 | | e
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itati Byrds
Parameter |  Units | QUATIIANON | ypy | BYIAS | gy i | Byrds il il

Spring Spring Spring Spring

DUP

Total Pb pg/L 100.0 100 <120 | - | e | e
Total Sb pg/L 50.0 50 <60 | | e
Total Se pg/L 100 100 <120 | e | e | e
Total Si mg/L 0.10 1.00 4.89 557 | - | -
Total Sr po/L 1 10 16 60 | - | -
Total Th pg/L 0.5 [ U
Total Ti pg/L 5 10 <10 <10 | @ - | -
Total TI pg/L 100.0 100 AW [ == || == | ==
Total U pg/L 20.0 50 <60 | e | e | e
Total V ug/L 10.0 20 <20 | @ e | |
Total Zn po/L 50 100 <120 <120 | @ - | -
La ug/L 0.001 0.020| 0002 | - | o |
Ce ug/L 0.002 0.020| 0002 | - | o |
Pr ug/L 0.003 0.020 | <0.020 |  -—— | e | -
Nd ug/L 0.003 0.020 | <0.020 | - | o~ |
Sm ug/L 0.002 0.020 | <0.020 | - | e | e
Eu ug/L 0.002 0.020 | <0.020 | - | e | e
Gd ug/L 0.003 0020 | <0020 | - |  —— |
Tb ug/L 0.002 0.020 | <0.020 | - | o |
Dy ug/L 0.003 0.020 | <0.020 | - | e | e
Ho ug/L 0.002 0.020 | <0.020 | - | e | e
Er ug/L 0.002 0.020 | <0.020 | - | | e
Tm ug/L 0.003 0.020 | <0.020 | - | e | e
Yb ug/L 0.001 0.020 0.001 | - | |
Lu ug/L 0.001 0.020 | <0.020 | - | - | e

Hg ug/L 0.2 0.2 <0.25 <0.25 <0.25 <0.25
580 %o - - -5.24 531 | e | e
5°H %o - - -29.33 -29.14 | - | e

24



VI. References
Beak, D., & Ross, R. (2020). Quality Assurance Project Plan for Evaluation of Enhanced Aquifer Recharge
Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Mehtods in the
Arbuckle-Simpson Aquifer . US EPA.

Christenson, S., Hunt, A. G., & Parkhurst, D. L. (2009). Geochemical investigation of the Arbuckle-Simpson
aquifer, South-central Oklahoma, 2004-06: U.S. Geological Survey Scientific Investigations
Report 2009-5036.

Christenson, S., Osborn, N. I., Neel, C. R, Faith, J. R., Blome, C. D., Puckette, J., & Pantea, M. P. (2011).
Hydrogeology and simulation of groundwater flow in the Arbuckle-Simpson aquifer, south-
central Oklahoma. U. S. Geological Survey.

Fairchild, R. W., Hanson, R. L., & Davis, R. E. (1990). Hydrology of the Arbuckle Mountains area, south-
central Oklahoma. Oklahoma Geological Survey.

Faith, J. R., Blome, C. D., Pantea, M. P., Puckette, J. O., Halihan, T., Osborn, N., . . . Pack, S. (2010). Three-
Dimensional Geological Model of the Arbuckle-Simpson Aquifer, South-Central Oklahoma: Open-
File Report 2010-1123. U. S. Geological Survey.

Hamm, W. E., & McKinley, M. E. (1954). Geologic Map and sections of the Arbuckle Mountains,
Oklahoma: Oklahoma Geological Survey Map A-2, scale 1:72000. Oklahoma Geological Survey.

Johnson, P., Stanley, C. C., Kemblowski, M. W., Byers, D. L., & Colthart, J. D. (1990). A practical approach
to the design, operation, and monitoring of in situ soil-venting systems. Groundwater
Monitoring and Remediation, 10(2), 159-178.

Keller, A. A., Garner, K., Miller, R. J., & Lenihan, H. S. (2012). Toxicity of Nano-Zero Valent Iron to
Freshwater and Marine Organisms. PLOS ONE.

Lidke, D. J., & Blome, C. D. (2017). Geologic map of the Fittstown 7.5’ quadrangle, Pontotoc and Johnston
Counties, Oklahoma: U.S. Geological Survey Scientific Investigations Map 3371.

Oklahoma Climatological Society. (2017). The Climate of Pontotoc County. Retrieved October 18, 2021,
from
https://climate.ok.gov/county_climate/Products/County_Climatologies/county_climate_pontot
oc

Pickens, C. M. (2018). A Comparison Between Model and Field Diesel Mass Recovery in Dolomite Karst .
MSc Thesis, Oklahoma State University.

Rahi, K. Y., & Halihan, T. (2013). Identifying Aquifer Type in Fractured Rock Aquifers using Harmonic
Analysis. Groundwater, 51(1).

Swinea, T. (2011). Thermal controls on springs in the eastern Arbuckle-Simpson aquifer system. MSc
Thesis, Oklahoma State University.

25



Zhang, M., Yi, K., Zhang, X., Han, P., Liu, W., & Tong, M. (2020). Modification of zero valent iron
nanoparticles by sodium alginate and bentonite: Enhanced transport, effective hexavalent
chromium removal and reduced bacterial toxicity. Journal of Hazardous Materials.

26



Appendix A: Results from Sub-test 1 — Conveyance System Test



Tracer Study Systems Test 1 (ST-1) Report

This report outlines the objectives and results of ST-1 of the Joint BIA/CN/ECU/OSU/City of
Ada advanced tracer study which was conducted in support of the ongoing Limited Scale
Aquifer Storage and Recovery (LS-ASR) project, and the City of Ada and US-EPA’s Enhanced
Aquifer Recharge (EAR) research project.

Tracer Study Overall Scope of Work: Chemical tracers are often used to evaluate subsurface
fluid flow and transport. However, fractured rock systems pose a challenge to the appropriate use
of traditional chemical tracers for the evaluation of biological contaminant risk. Particulate
preferential flow may occur through fractures and exceed the rates predicted by chemical tracers.
Particulate tracers could be more effective predictors of transport rates from larger, connected
fractures, thus being more representative of the risks associated with particulate contaminants,
such as bacteria and viruses. Groundwater Tracing Particles (GTPs) address the challenges
associated with collecting samples in diffuse discharge spring systems and the limits of detection
for chemical tracers. Recent experiments with thermal water slugs and resistivity-based
geophysical techniques suggest that the introduction of GTPs with a thermal slug could allow for
additional characterization of subsurface transport.

Project Timeline and SubTests:

Table 1
Sub-Test | Time Period Description Monitoring Performed By
Baseline Preceding WQ monitoring SIA, WQ Oka Institute/USEPA
Monitoring ST 1
ST 1 July & System P,T,C Oka
August 2021 Test"/Thermal” Institute/USEPA/City
of Ada/OSU
ST 2 and First Quarter Tracer /Thermal P, T,C Oka
Short-Term | after permit SIA Institute/USEPA/City
Monitoring award of Ada/OSU
ST 3 and Second GTP"/Tracer/Thermal P,T,C Oka
Short-Term | Quarter after SIA, MF Institute/USEPA/City
Monitoring | permit award of Ada/OSU
ST 4 Third GTP/Tracer/Thermal P, T,C Oka
(optional) Quarter (if SIA*, MF® | Institute/USEPA/City
and Short- | needed) after of Ada/OSU
Term permit
Monitoring award,
monitoring
until up to
Fifth Quarter
Long-Term | Upto 2 full | Periodic sample/data P, T.C Oka Institute/USEPA
Monitoring years after collection SIA, MF
completion
of ST 3/4




*Supporting ERI (electrical resistivity imaging) site characterization activities will be conducted
throughout the project period.

System Test (ST): Qualitative and Quantitative testing of slug delivery system and flow rate.
Tracer: NaCL non-reactive tracer addition.

Thermal: Storage tank supplied potable water at above or below formation water temperature.
GTP: groundwater tracing particles.

P, T,C: Data logger based pressure, temperature and conductivity monitoring.

SIA: Chemical analysis of ground water samples for specific ions (CI°, Br).

MF: Fluorescence detection of magnetically treated/collected ground water samples.

WQ: nitrate/nitrite, ammonia, total phosphorus, BacT (ODEQ approved methods)

Work Plan: System Test 1

I.  Objectives:

1.  Test water delivery system components (e.g., tanks, pumps, valves, suction
hose, discharge hose). Field personnel will monitor to ensure that system integrity
is maintained and evaluate both the set-up time and break-down time needed for
the test.

2. Determine discharge rate (gal/min). Time will be recorded from start of
discharge pumps to the point where flow is interrupted due to low tank levels
(functionally empty). Average flow rate = 2500 gal/pump time.

3.  Determine temperature differential. A handheld infrared thermometer will be
used to continuously monitor and record discharge water temperature.

4.  Evaluate potential temperature and water table elevation changes in the
monitoring well network. Currently deployed HOBO data logger will be
recovered and downloaded, after the system test, to evaluate recorded temperature
and pressure data.

II.  Narrative:

The duplicate (2x) 2500 gallon storage tanks will be filled with freshly collected (native)
Arbuckle-Simpson Aquifer ground water, discharging from Byrds Mill Spring, utilizing a
City of Ada (potable) water truck. Each filled storage tanks will be connected to a new,
dedicated, general purpose 2-Inch centrifugal water pump with a maximum rate capacity
of 164 GPM. The pumps will be linked to the storage tanks through 20’ quick-connect 2
vacuum hoses. The discharge side of the pump will be connected to 300’ of 2” quick-
connect discharge hose, which will deliver water to the EAR site sinkhole (Lat.
34.586397°, Long. -96.679695°, 1131° MSL). Data loggers (HOBO: temperature,
pressure) will be deployed in nearby monitoring wells and will be utilized to detect any
potential changes in aquifer conditions resulting from the introduction of 5000 gallons of
Byrds Mill Spring water.

III.  Site and Test Conditions:

a. Discharge Water. The discharge water will be essentially native ground water,
reintroduced through the test site sink hole. No amendments are planned for the Stage 1
System Test. We expect a ~30°F temperature differential between the reintroduced water
(expected discharge temperature ~90°F) and the in-situ conditions found in the Arbuckle



Simpson Aquifer (approximately 60°F year-round). We expect to see, at most, transient
temperature impacts of a few degrees in the nearby monitoring wells, as in sifu mixing
equilibrates the reintroduced and native aquifer water. A transient 30°F or less degree
temperature differential will have little impact on native microorganisms.

b. Aquifer Water. The ground water at the EAR test site (and Byrds Mill Spring) is
consistent with the calcium magnesium bicarbonate waters found in the eastern part of
the Arbuckle-Simpson Aquifer (1).

Results

ST1-a: Test date 7/12/21. We decided to test the system components while we wait for ODEQ
approval. Focus of the test was to ensure physical components of system were functioning.
Tanks were drained sequentially starting with Tank 1(eastern tank). Pumps were run at full
speed, 200’ of discharge hose was used to deliver flow to land surface south of EAR pond. No
discharge was allowed to reach the sinkhole.

Tank 1 emptied in 22 min, 38 seconds. Tank 2 emptied in 21 min, 21 seconds. All connections,
vacuum hose and discharge hose worked as expected. Surface layer in tanks before test
registered in 105 to 118 °F range. Water at the discharge point ranged from 81- 87 °F.

ST1-b: Test date 8/17/21. We received ODEQ approval for Subtest 1 (ST1b). Focus of the test
was to ensure physical components of system were functioning when discharging to the sinkhole.
Pressure/temperature data logger were recovered next week and any detectable change in water
table elevation or temperature will be reported when analysis of these data is completed.
However, we feel it is unlikely to indicate clear impacts. We will be incorporating new
pressure/temperature/conductivity logger into the monitoring well network prior to sub-test 2.
These sensors will be set at a much faster sampling rate to hopefully catch short-term transient
impacts to pressure/temperature/conductivity. In addition, the EPAs ERI system should also be
available.

Tanks were drained concurrently. Pumps were run at full speed, and 300’ of discharge hose
(each) was used to deliver flow to the EAR sinkhole. Discharge from the tanks did not
accumulate in the sinkhole indicating the recharge capacity was not exceeded. Pumps were
started at 2:40 pm local time. Tank 1 was emptied by 2:57 pm and Tank 2 by 3:02 pm. Discharge
temperature (at the end of the delivery hose) from Tank 1 averaged 89.9 °F and from Tank 2
averaged 87.5 °F. Average delivery rate for the system was calculated to be 227 gallons per
minute.
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Appendix B: Groundwater Tracing Particles



1. Groundwater Tracing Particles Introduction

This study will attempt a groundwater tracer experiment using groundwater tracing
particles (GTP) to gain an understanding of karst groundwater connections at the managed
aquifer recharge (MAR) site near Byrds Mill Spring (Holmbeck Pelham et al., 2000; Laskoskie,
2013). The GTP that are to be deployed in this study are intended to provide a degradable
particle that has low toxicological risk for use in groundwater tracing. The planned particles are
composed of:

1) sodium alginate (food grade gel carrier for the particles),

2) calcium chloride dihydrate (reacts with sodium alginate to form gel),

3) uranine dye (common fluorescent groundwater tracer),

4) borosilicate glass bubbles (to provide neutral buoyancy),

5) and powdered magnetite (to allow magnetic capture of particles).

These GTP are to be released in a sink hole that is located approximately 1 mile
southwest of Byrds Mill Spring that is of interest due to its potential to facilitate MAR. The GTP
will allow for investigation into any larger groundwater connections that may be present between
the MAR sink hole and Byrds Mill Spring that can cause sediment and colloidal particles to
migrate from the sinkhole through the aquifer. Hydrogel tracer beads made of sodium alginate,
similar to those being utilized in this study, have been used previously for the purpose of surface
water tracing (Laskoskie, 2013). The present study will deploy nontoxic GTP into the
groundwater system to characterize fate and transport of recharge to the sinkhole and aquifer.
Unlike previously used hydrogel tracer beads, the GTP in this study will include magnetite. The
magnetite will allow for the capture of the GTP via magnets deployed in wells and at the spring.
The GTP include a fluorescent ingredient, uranine, for identification purposes in wells or at
springs which can be carried out via blacklight. The GTP used in this study, in conjunction with
the salt tracer tests, will allow a well calibrated fate and transport model to be developed for the
spring system.

2. GTP Ingredient Toxicity

As previously stated, the GTP to be deployed in this present study are composed of 1)
sodium alginate, 2) calcium chloride dihydrate, 3) borosilicate glass bubbles, 4) uranine dye, and
5) powdered magnetite. The toxicity of each ingredient will be discussed based on literature for
the ingredients as the researchers involved in the tracing tests are not toxicologists. The Material
Safety Data Sheet (MSDS) and a representative paper from the literature is included at the end of
this appendix as a zip file named “Appendix B. MSDS Sheets and Papers.zip”.

2.1 Sodium Alginate

Sodium alginate is a non-toxic substance that is derived from the cell walls of brown algae
(Laskoskie, 2013). Sodium alginate is a widely used material in a number of industries including
food, pharmaceuticals, cosmetic, dentistry, and more. It is used to create food products and is
thus available for human consumption from ordinary stores. Sodium alginate is also utilized for
drug delivery (Sachan et al., 2009). It is classified as Generally Recognized as Safe (GRAS) by



the U.S. Food and Drug Administration (https://www.fda.gov/food/food-additives-
petitions/food-additive-status-list#ftnC).
From US FDA:
Sodium alginate - STAB, GRAS/FS, Cheeses and Rel Prods - Part 133; Froz Desserts -
Part 135; Art Sw Fruit Jelly - 150.141; Art Sw Fruit Pres and Jams - 150.161; GRAS -
184.1724; BC, REG, Comp of boiler water additive -173.310

2.2 Calcium Chloride Dihydrate
Calcium chloride dihydrate (CaCl2(H20)x) is what acts as a curing solution for the sodium
alginate to make the GTP. Calcium chloride dihydrate is the hydrated form of calcium chloride.
Calcium chloride is a highly soluble salt used for dust control, calcifying aquarium water,
increasing hardness in swimming pools, and as a food additive. The use in food production
indicates the suitability for use in GTP production (Dean et al., 2020). It is classified as
Generally Recognized as Safe (GRAS) by the U.S. Food and Drug Administration
(https://www.fda.gov/food/food-additives-petitions/food-additive-status-list#{tnC).
From US FDA:
Calcium chloride - MISC, GRAS/FS, 184.1193, Parts 131, 133, 150, 155 & 156 in
Evaporated Milk; Cheese & Cheese Products; Part 133; VET, REG, For use in mastitis
formulations for treating dairy animals - 526.820

2.3 Borosilicate Glass

Borosilicate glass bubbles are included in the GTP in order to make them buoyant. To traverse
the groundwater system, the particles will be formed as neutrally buoyant particles. Borosilicate
glass is commonly used in glassware for cooking and food storage as it is lead and BPA-free. It
is also used in reagent bottles and flasks and is sold under various tradenames. The material is
also used to decrease the weight of material by adding small glass bubbles filled with air. The
product used for this experiment is a 3M™ glass bubble that allows the borosilicate glass to
float. When included in the GTP, the particles will maintain neutral buoyancy. If consumed, it
would be like passing a well-rounded grain of sand (El-Kady et al., 2020).

2.4 Uranine Dye

Uranine (C20H1005Naz) will also be included in the GTP to impart fluorescent properties to the
particles. Uranine is the water soluble form of fluorescein and has a bright green color in
concentrated form. The GTP need to be fluorescent so they can be more easily identified upon
their arrival at a well or at Byrds Mill Spring using fluorescent light detection. This dye is
commonly used as a tracer in surface and groundwater systems. It has previously undergone
intensive evaluation for toxicological and ecotoxicological effects (Behrens et al., 2001;
Gombert et al., 2017).

2.5 Magnetite

The GTP in this study are unique because they will include a magnetic material, powdered
magnetite (Fe3O4). The magnetite, like the uranine, is being added for ease of collection. If the
particles are magnetic, magnets can be used in observation wells and springs to facilitate
collection. The powdered magnetite that will be used to make the GTP is also used in children’s
toys and administered for biomedical applications (Ruiz et al., 2016).



3. GTP Production

Hydrogel beads made of sodium alginate have been utilized in previous studies in surface

water settings. The procedure for the formation of the GTP used in this study is taken from
Laskoskie, 2013. The powdered magnetite is a new addition that is unique to the present study.

The procedure for GTP production is expected to be (taken from Laskoskie, 2013 for a

3% alginate solution):

Step 1:

Step 2:

Make 3% sodium alginate solution

The 3% alginate solution must be prepared at least 24 hours prior to particle production.
For a 3% sodium alginate solution, dissolve 3.0 grams sodium alginate into 100 grams of
deionized (DI) water.

Begin with a clean 400 mL beaker. Place the beaker on the scale and tare the scale.
Once the scale is tared, weigh 100 grams of DI water. Remove from scale and set aside.
Place a plastic petri dish and weighing paper on the scale and tare the scale. Once the
scale is tared, weigh 3.0 grams of sodium alginate.

Add the sodium alginate to the DI water in the 400 mL beaker.

Place a large stir bar into the sodium alginate and DI water mixture, and cover the
beaker with parafilm.

Place the covered beaker on a stir plate. Set stir plate to 200-400 rpm. Leave to stir until
the solution is homogeneous.

Once the solution is homogeneous, store in refrigerator. Mold will begin to grown in
solution after mixing if left at room temperature for extended periods.

When homogeneous, the 3% sodium alginate solution will form a highly viscous gel. (We
are experimenting with 1.5-3.0% solutions to reduce the GTP size from the current 2 mm
sand size.)

Add uranine dye, 3M glass bubbles, and powdered magnetite
Place an empty 50 mL centrifuge tube into a Styrofoam holder and place it on the scale.
Tare the scale.
Add an arbitrary amount of 3% sodium alginate solution to the centrifuge tube. Record
the mass.
From the recorded mass of 3% sodium alginate solution, determine amounts needed to
add 1% uranine dye, 3M glass bubbles, and powdered magnetite.

a. For example, if the 3% sodium alginate solution is 20 grams, add 0.2 grams of all

three additives.

Using the plastic petri dish and weighing paper, weigh out the needed amounts of
uranine dye, 3M glass bubbles, and powdered magnetite.
Cap the centrifuge tube and mix using Vortex mixer until homogeneous.



Step 3:

The GTP may be split 50/50 between powdered magnetite and uranine dye. Further
testing is needed to know how these two additives interact. 3M glass bubbles will be
included in all particles to provide buoyancy. (We anticipate utilizing half particles
without magnetite and half with magnetite to evaluate transport and detection
properties.)

GTP production
Prepare the calcium chloride dihydrate curing solution. The curing solution can range

from 0.1 to 1 M depending on the batch size that is desired.
a. Large batch: dissolve 14.78 grams calcium chloride dihydrate in 1 L DI water
b. Small batch: dissolve 1.48 grams calcium chloride dihydrate in 100 mL DI water
Place prepared amount of during solution on stir plate. Set stir plate to 100 rpm. Do not
allow a tornado to form.
Fill a 30 mL plastic syringe with the 3% sodium alginate and additives mixture. Place a
needle on the syringe.
a. The gauge of the needle determines the overall particle size. The larger the
gauge the larger the particle and vice versa.
b. 30, 25, and 18 gauge needles are being tested to determine which needle size
forms the ideal GTP.
Add the sodium alginate mixture to the curing solution dropwise.
a. This can be done manually or with a syringe pump. We will be using a syringe
pump.
b. Syringe pump is set to 1 mL per hour rate.
Let GTP cure for a least 1 minute.
Store produced GTP in curing solution in refrigerator.

The 3% sodium alginate solution is a highly viscous gel that when placed in the curing
solution forms a spherical particle that has a consistency similar to that of a gummy
bear. Once cured, the GTP will not be flowing gel, but a solid particle.



Sodium Alginate Uranine Fluorescent
(Carrier Gel) Green Dye
size: 2000 micron (light detection)

density: 1.01 gm/cc

Magnetite 3MK1
Grains Glass Bubbles
(magnetic attraction) (adds buoyancy)
size: 44 micron size: 65 micron
density: 4.89 gm/cc density: 0.125 gm/cc

Figure B.1. GTP schematic illustrating the primary components of the tracer particle. Further
development will aim at reducing the size of the particle by altering the production of the
sodium alginate carrier gel as it is converted to a particle from sand size to silt size if possible.

A finished GTP will be composed of a composite of the smaller magnetite and
borosilicate glass particles and the sodium alginate carrier dyed with uranine (Figure B.1). The
particles will be manufactured at Oklahoma State University in the School of Geology
laboratories. If the addition of magnetite makes the particle not fluoresce detectably, then two
types of particles will be generated, fluorescing green dye particles and black magnetic particles.
The shelf-life of the particles is over a year if they are refrigerated in the calcium chloride, and
approximately 6 months in room temperature solution (Laskoskie, 2013). When injected into the
aquifer, the particles should be detected in a period of days to weeks and be dissolved or
consumed by microbial activity within a year. The remaining material will be borosilicate glass
particles and magnetite particles.
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Appendix C: Quality Assurance/Quality Control (QAQC) Plan

QAQC protocols will be in place during this test to ensure that tests conform to established best
practices and, separately, that they are suitable for incorporation into the USGS Phase Il groundwater
model update for the Arbuckle-Simpson Aquifer. The QA/QC plan involves adhering to several prepared
or published protocols for data collection and analysis, and performing quality control activities detailed
in Section B.4.1 Quality Control Samples of the attached document C-1 (Beak & Ross, 2020). Protocols
and associated data collection/analysis tasks are detailed in the following sections.

Groundwater/Byrds Mill Spring Sampling Standard Operating Procedure

Groundwater sampling from monitoring wells will follow USEPA protocols, as detailed in Section B.2.2
Groundwater Sampling of the attached document C-1 (Beak & Ross, 2020). Sampling of Byrds Mill
Spring will follow USEPA protocols for runoff sampling, as detailed in Section B.2.1 Runoff Sample
Collection of the attached document C-1 (Beak & Ross, 2020). Quality control samples will be collected
for groundwater samples and spring samples, as detailed in Section B.4.1 Quality Control Samples of the
attached document C-1 (Beak & Ross, 2020).

Sampling of wells and springs for groundwater tracing particles (GTPs) will follow protocols detailed in
document C-7 “Groundwater Tracing Particle Sampling Protocol”.

Electrical Resistivity Imaging Standard Operating Procedure

Electrical Resistivity Imaging will be performed in tandem with each subtest as part of short-term
monitoring activities. Any Electrical Resistivity Imaging data collection will follow USEPA protocols as
detailed in the attached document C-2 “K-GCRD-SOP-3756-1: SOP for Electrical Resistivity Field Data
Acquisition for Subsurface Investigations” (Ross & Fields, 2021). Retention of data files from ERI
activities will follow the protocol laid out in Section A.6.5 Electrical Resistivity Image Surveys Files of the
attached document C-1 (Beak & Ross, 2020).

Temperature, Pressure and Conductivity Monitoring Standard Operating Procedure
Monitoring of temperature, pressure and conductivity will be performed with automatic data loggers as
described in Section A.4 Project Description and Section B.1.1 Subsurface Monitoring of the attached
document C-1 (Beak & Ross, 2020). Temperature data will be collected as part of ongoing monitoring
activities in accordance with USEPA protocols, as detailed in the attached document C-3. Document C-3
details EPA Method 170.1 from “EPA 600/4-79-020 Methods for Chemical Analysis of Water and
Wastes” (United States Environmental Protection Agency, 1983). Conductivity data will be collected as
part of ongoing monitoring activities in accordance with USEPA protocols, as detailed in the attached
document C-4. Document C-4 details EPA Method 120.1 from “EPA 600/4-79-020 Methods for Chemical
Analysis of Water and Wastes” (United States Environmental Protection Agency, 1983). Pressure data
will be used to determine water level, and will be collected as part of ongoing monitoring activities in
accordance with USEPA protocols, as detailed in the attached document C-5 “K-GCRD-SOP-1134-0: SOP
for Water Level Monitoring Using Automated Pressure Transducer/Data Loggers” (Acree, 2010).

Chemical, Fluorescence and Magnetic Analysis of Samples Standard Operating Procedure
Chemical analysis of groundwater and spring samples to detect the presence of chloride or bromide will
follow USEPA protocols, as detailed in Section B.1.2 Specific Target Analytes of the attached document
C-1 (Beak & Ross, 2020). The SOP identified for chloride and bromide analysis is EPA Method 9056A



from “EPA SW-846 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods”, which is
provided in document C-6 (United States Environmental Protection Agency, 2015).

Sampling and analytical methods used to detect the presence of GTPs in wells and springs will follow the
protocols identified in Document C-7 “Groundwater Tracing Particle Sampling Protocol”.

Tracer Test Documentation Standard Operating Procedure

Tracer Test Documentation will adhere to USGS Tracer Test Documentation requirements, detailed in
the attached document C-8 “USGS Tracer Test Documentation Memo” (Mashburn & Lockmiller, 2021).
This document also details how analyses to quantify hydrogeologic characteristics will be performed
using results from tracer tests.
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SECTION A - PROJECT MANAGEMENT

A.1 Distribution List

Name
Doug Beak
Randall Ross

David Burden

Steve Acree
Cherri Adair
Mustafa Bob

Cody Holcomb

Guy Sewell

Wayne Kellogg
Shana Mashburn

Rick Wilkin

Todd Halihan

Jon Fields

Organization
CESER/GCRD
CESER/TSCD
CESER/GCRD
CESER/GCRD
CESER/GCRD
CESER/GCRD
City of Ada

City of Ada/ECU
Chickasaw Nation
USGS/OKWRD

CESER/GCRD
AESTUS/ERG
CESER/GCRD

Work

580-436-8813
580-436-8611
580 436-8606
580-436-8609
580-436-8969
580 436-8565
580-559-9471
580-421-3440
580-272-5076
405-664-6557
580-436-8874
405-744-9248
580-436-xxxx

E-mail
beak.doug@epa.gov
ross.randall@epa.gov
burden.david@epa.gov
acree.steve(@epa.gov
adair.cherri@epa.gov
bob.mustafa@epa.gov
cody.holcomb@adaok.com
gsewell@ecok.edu
wayne.kellogg@chickasaw.net
shanam(@usgs.gov
wilkin.rick@epa.gov
todd.halihan@okstate.edu
fields.jon@epa.gov

Quality Assurance (QA) Project Plans and Standard Operating Procedures (SOPs) shall be
controlled (through documented approvals) as required by Section 5.3 of the Office of Research
and Development (ORD) Quality Management Plan. The project lead will be responsible for
distribution of the current signed approved version of the QA Project Plan to project participants
shown in Section A.1. Signed approved versions of SOPs will be available to project staff
through the ORD@Work SOP intranet site. Signature approved electronic copies of this QA

Project Plan, SOPs, and any associated QA assessment reports, will also be maintained in ORD

QA Track.

The project lead (PL) will also be responsible for timely communications with all involved
participants and will retain copies of all management reports, memoranda, and correspondence
between research task personnel.

A.2 Project/Task Organization

Table 1 lists the project participants and a generalized organizational chart is given in Figure 1.
The PLs will serve as the organizational primary point of contact. Other project participants will
keep the PLs informed whenever significant developments or changes occur.

Communication among project participants may be in person conversations, electronic mail,
phone conversations, conference calls, and periodic face-to-face meetings as appropriate. All
written communication between U.S. Geological Survey (USGS) and U.S. Environmental
Protection Agency (USEPA) must copy the IAs USEPA Project Officer, David Burden. Verbal


https://webx.ord.epa.gov/quality-assurance/standard-operating-procedures-sops?combine=&field_sop_previous_number_value=&title=&field_lab_value=ceser&field_sop_contact_value=&field_discipline_value=&items_per_page=10
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communications and other meetings between USGS and USEPA should also include the Project
Officer but can occur without the Project Officer at the Project Officers discretion. The PLs are
responsible for tracking laboratory and field activities, ensuring that monitoring data and samples
are received, working with the laboratories to address issues with sample analysis and QA, and
ensuring that data reports and raw data are received. The USEPA QA Manager, reviews and
approves the Quality Assurance Project Plan (QAPP) and may independently undertake
Technical System Audits (TSA) of the field and laboratory activities.

Table 1. Project participants, organizations, contact info, title and responsibility in project.

Name Organization Phone Role Responsibility DIStE?sltltmn
Project management,
hydrology, borehole
geophysical logging,
R. Ross EPA ORD 580-436-8611 | Project Lead ERI surveys, QAPP Yes
development and
management, hydrologic
testing
Geochemistry, sampling,
D.Beak | EPAORD | 580-436-8813 | [rojectCo- | analysis, QAPP Yes
Lead development and
management
M. Bob EPA ORD 580-436-8565 | QA Manager | OVorSightof QA Yes
program implementation
S. Acree EPA ORD 580-436-8609 | Hydrologist Hydrogeology, Yes
hydrologic testing
. Coordinate
D. Burden EPA ORD 580 436-8606 | Project Officer contracts/IAG Yes
M. White | EPAORD | 580436-8709 | Chemist Chemical Analysis Yes
coordination
R.Wilkin | EPAORD | 580-436-8874 | Geochemist | Chemical analysis, Yes
participant
S. Mashburn | USGS 405-664-6557 | Hydrologist Surface water Yes
monitoring
C. Holcomb | City of Ada 580-436-8001 | City Engineer Property Access Yes
. Coordination of
G. Sewell | S OTAdAl 1 seh 550 5547 | Microbiologist | activities with ECU and Yes
ECU .
City of Ada
W. Kellogg I(\:Il;iccl)(t?saw 580-272-5076 | Geologist Weir design Yes
C. Adair EPA ORD 580-436-8969 | SHEM Health and safety Yes
Hydrogeology,
J. Fields EPA ORD 580-436-xxxx | Hydrologist hydrologic testing, ERI Yes
surveying
AESTUS Electrical Resistivit
T. Halihan | (ERG 405-744-9248 | Geophysicist | 1" Y Yes
Subcontractor) gine,
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Randall Ross Project Lead, Co-
Pl

Doug Beak, Co- Lead, Co-PI

David Burden, PO EPA

Shana Mashburn,
USGS

Todd Halihan,
AESTUS
Subcontractor

Rick Wilkin, Geochemist EPA
Steve Acree, Hydrologist EPA
Jon Fields, Hydrologist EPA
Mark White, Chemist EPA
Cody Holcomb, City of Ada
Guy Sewell, ECU

Wayne Kellogg, Chickasaw
Nation

Mustafa Bob, QAM EPA
Cherri Adair, SHEM EPA

Figure 1. General organizational flowchart for project participants.

A.3 Problem Definition/Background

This project is part of the Enhanced Aquifer Recharge (EAR) research and development effort of
the USEPA ORD’s Safe and Sustainable Water Resources (SSWR) research program. The
Arbuckle-Simpson aquifer (ASA) is the sole source of drinking water for many people in
southcentral Oklahoma. The Robert S. Kerr Environmental Research Center (RSKERC) has
been involved in projects related to the ASA for over five decades. RSKERC has worked with
the city of Ada, Oklahoma, Chickasaw Nation (CN), Oklahoma Water Resources Board
(OWRB), Oklahoma Department of Environmental Quality (ODEQ), USGS and other entities on
issues related to ASA water quality and quantity. Over the last several years, the state of
Oklahoma has implemented a permitting process for aquifer storage and recovery (ASR). The
ASA has been identified as a candidate for ASR. Under the SSWR program RSKERC will
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evaluate the impact of EAR on groundwater quality and quantity in the ASA. This effort will
build on current collaborations with the USGS, Chickasaw Nation, Oklahoma State University
(OSU) and the city of Ada, Oklahoma.

EAR is a variant of ASR, where surface water runoff is temporarily stored as a surface water
body (i.e., pond) and allowed to recharge via a large karst feature (i.e., sinkhole). Conceptually,
the recharged water will cause a rise in groundwater levels, resulting in increase in spring flow
and stream base flow.

The full project involves EAR implementation, monitoring and assessment. It will assess the
impact of the recharge of rural surface water run-off on groundwater quality and quantity, assess
subsurface water movement, assess the impact on spring water quality and quantity and support
community education and outreach efforts regarding the benefits of sustainable water resource
management.

The project will be conducted at a rural area in Pontotoc County, Oklahoma that has been
delineated as part of the groundwater shed of Byrds Mill Spring. The primary study area is
owned by the city of Ada, Oklahoma. This allows controlled access and security to the site and
monitoring instrumentation. The city of Ada and the CN are interested in the use of EAR to
enhance groundwater supplies but are also concerned about potential groundwater quality
degradation.

A.4 Project Description and Objectives

The study will focus on an area in the eastern portion of the ASA, which consists primarily of
Arbuckle group carbonates, approximately one mile southwest of Byrds Mill spring, the largest
spring in Oklahoma and water source for most of Pontotoc county. Previous studies indicate the
unsaturated epikarst zone may be capable of storing a significant volume of groundwater
(Halihan, et al., 2009). The conceptual site model is that rainfall infiltrates through the vadose
zone and is temporarily stored in the epikarst zone as it drains into the underlying aquifer. The
EAR process may be able to take advantage of the storage capacity to increase recharge to
groundwater. The nature of the connection between the shallow and deep groundwater will be
investigated during the study.

The primary objectives of this proof-of-concept study are to determine the magnitude and impact
of direct recharge of overland surface runoff on groundwater quality in a rural karst setting.
Rural settings are inherently different from urban settings in terms of water quality and are not
well represented in current literature. Groundwater quality will be examined before, during and
after significant recharge events. The secondary objective is to evaluate the use of relatively
simple and easily transferable hydrogeologic methods and geophysical techniques to estimate the
overall contribution of the enhanced recharge to groundwater. Data logging pressure transducers
will be used to monitor water level, temperature and electrical conductivity changes in surface
water and groundwater resulting from overland flow events. A series of tracer tests will be
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conducted by the City of Ada, Chickasaw Nation and Oklahoma State University in an effort to
better understand the contribution of recharge via the sink hole to groundwater discharge at
Byrds Mill Spring. These tests will provide an opportunity to evaluate the movement of water
through the unsaturated epikarst zone to groundwater using transient electrical resistivity
imaging surveys. When coupled with measurements of inflow and outflow from the system, the
study will provide a comparison of qualitative and quantitative estimates of recharge rates of
surface runoff to groundwater.

Field research conducted by EPA/ORD is designed to assess 1) the water quality impacts of
recharged surface runoff on groundwater by analyzing the spatial and temporal variability of
groundwater and surface water parameters from monitoring wells in the ASA and selected
springs before, during and after surface runoff recharge events, 2) the utility of hydrogeologic
methods and geophysical techniques to estimate the contribution of enhanced aquifer recharge to
groundwater.

Table 2. Proposed schedule for field activities.

2020 2021 2022
1|23 (4|12 ]3]|4|1]2|3]4
Project Initiation X
Prepare HASP X
Prepare QAPP X | X
Install Shallow Wells X | X | X
Install Intermediate Wells X | X
Install Deep Wells X | X
Groundwater/Surface Water Sampling X | X | X | X | X |X?2]|X?|X?|X?
Long Line (Deep) ERI Survey X
Purchase/Install Short ERI Lines X | X
Characterize Serial Dam Area X
Install Transient ERI Lines X
Sample/Survey Overland Flow Event X[ X | X | X | X|X?2]X?|X?]|X?
Initiate Thermal/EC Tracer Study X
Initiate Magnetic Fluorescent Nano Particle
Tracer Study X
Data analysis and summary X | X
Report X[ X | X

A.5 Special Training/Certification

N/A
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A.6 Documents and Records

Research activities must be documented according to the requirements of ORD QA Policies
titled Scientific Recordkeeping: Paper, Scientific Recordkeeping: Electronic, and Quality
Assurance/ Quality Control Practices for ORD Laboratory and Field-Based Research, as well as
requirements defined in this QA Project Plan. The ORD QA Policies require the use of research
notebooks and the management of research records, both paper and electronic, such that project
research data generation may continue even if a researcher or an analyst participating in the
project leaves the project staff.

Electronic Records shall be maintained in a manner that maximizes the confidentiality,
accessibility, and integrity of the data. ORD PPM Section 13.6 provides guidance on the
maintenance of electronic records for ORD.

A.6.1 Data Storage

The Project Leads will maintain all original versions of field data sheets and entries into field
notebooks. Scanned electronic copies of the paper documents will be generated and stored as
PDF files in the project folder on the ORD/CESER intranet network drive (OneDrive —
Environmental Protection Agency (EPA)\EAR Project), accessible by all project collaborators.
Electronic file naming conventions that will be used are described below.

A.6.2 Field Notes

Hand-written notes and observations that are recorded in a field notebook will be digitally
scanned to produce an electronic file in PDF. The digitized field notes file will be assigned a
name that identifies the location, month-year, field note identifier (“FN”’) and date (year-month-
day) the PDF file was generated (e.g., EAR Jun2020 FN 20200601).

A.6.3 Borehole Geophysical Log Files

Digital files generated with the Century Geophysical, Inc. logging rig and tools will use the
Century format which included the well name, date the well was logged, logging tool used, data
collection interval (e.g., 0.1 ft) depth of ending and beginning of log (e.g., EAR1 06-01-

20 9510C .10 _7.00 92.20.0RIG.log).

A.6.4 Depth to Water Measurements

Depth to water measurements for monitoring wells will be recorded in field notebooks and
transferred to a master spreadsheet that will calculate water level elevations by subtracting the
depth to water measurements for specific dates from the top of casing elevations. The
spreadsheet will be named EAR water level and survey master.xlsx.
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A.6.5 Electrical Resistivity Image Surveys Files

Digital ERI files generated with the Advanced Geosciences Inc. (AGI) SuperSting will be
assigned a name that identifies the location, month-day-year, orientation, number of electrodes
and electrode spacing (e.g., EAR_ERI1 July-04-2020 NS 56 4.stg). These files will be
transferred from the SuperSting to a field computer and stored as indicated above.

A.6.6 Records retention

Records that are generated under this research effort will be retained in accordance with EPA
Records Schedule 1035, and as required by Section 5.1 of the ORD Quality Management Plan
for QA Category B Projects.
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SECTION B - DATA GENERATION & AQCUISITION
B.1 EXPERIMENTAL DESIGN

This research effort will evaluate water movement and changes in water quality influenced by
EAR. To achieve this, a series of wells will be installed by EPA, contractors and/or City of Ada.
The study will also utilize traditional hydrogeologic techniques and surface and borehole
geophysical methods to estimate the amount of recharge through known karst features and
potential storage capacity of the unsaturated epikarst zone.

B.1.1 Subsurface monitoring

Figure 2 shows the location of existing wells and the proximity of the site to Byrds Mill spring
and the Ada well field. Figure 3 illustrates locations of the proposed shallow, intermediate and
deep monitoring wells. In addition, surface water samples, runoff samples, and discharge from
springs will be sampled when possible to understand the natural inputs to the system and outputs
from the system. Wells EAR-1, EAR-2, EAR-3 and EAR-4 have surface casing from land
surface depths of approximately 30 ft and are open-hole construction to depths of approximately
150 ft below land surface. Three wells (EAR-1S, EAR-3S and EAR-4S) with screened intervals
of approximately 80 to 100 ft bls will be constructed adjacent to EAR-1, EAR-3 and EAR-4.
Additionally, three deep wells (EAR-1D, EAR-5D and EAR-6D) will be drilled to 1000 ft, 750 ft
and 750 ft, respectively, and completed as open-hole wells from 250 ft bls to total depth. The
deep and intermediate depth wells will be installed with tremie grouted surface casing from land
surface to depths of 250 ft and 200 ft, respectively. These wells will have open boreholes from
the bottom of surface casing to the total depth of the borehole. Construction details are included
in Table 4. New shallow and intermediate well locations were selected to be complementary to
existing wells and provide head data for determining vertical hydraulic gradients, as wells as
horizontal hydraulic gradients. Horizontal hydraulic gradients will be determined from elevation
corrected pressure transducer data incorporated into the spreadsheet tool 3PE (Beljin, et al,
2014).

This design will not only allow for the collection of data for chemistry but will also allow for
continuous monitoring of water levels. This design will provide a means to understand the
infiltration of water from the recharge point through the vadose zone into the saturated zone as
well as groundwater movement in the aquifer. Finally, the data collected will be used to better
understand the fate and transport of chemicals in the subsurface as well as provide an
understanding of the biogeochemical processes that affect groundwater quality. The proposed list
of analytes is presented in Table 3. The proposed schedule for field activities is provided in
Table 2. Based on results and available funding, additional sampling may continue after 2022.
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Enhance Aquifer Recharge Site
Pontotoc County, OK

USGSFittstown Well

South*Gate 3

Legend

(5 Access Points
¥ Byrds Mil Spring
® EAR Wells

Figure 2. Location of existing EAR wells in relation to Byrds Mill spring, USGS Fittstown well,
and Ada #3, the northern most well in the Ada well field. HS1 and HS2 are relic homestead
wells available for water level measurements; Ada#3 is a production well for the city of Ada; 61
is a water supply well constructed during installation of current USGS Fittstown well.
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EAR-AID

EAR-3I
EAR-4|

SSink Hole

EAR-AIL
EAR-1D

Figure 3. Locations of proposed monitoring wells associated with EAR site. Depths of wells
described in text.

B.1.2 Specific target analytes

Table 3 lists the specific target analytes, analytical methods, and laboratory performing the
analysis for this project.

Table 3. Specific target analytes, analytical methods, and laboratory performing analysis of water
samples for the Arbuckle-Simpson geochemical characterization study.

Analyte Analytical Method Lab"r&te‘“xnﬂf;:;’srm‘“g
Field Parameters
pH EPA Method 150.2 Field Measurement/GCRD
Temperature EPA Method 170.1 Field Measurement/GCRD
Specific Conductivity EPA Method 120.1 Field Measurement/GCRD
ORP No EPA Method Field Measurement/GCRD
Alkalinity SM 2320B (Hach method 8203) Field Measurement/GCRD
Nutrients
Nitrite+Nitrate Nitrogen EPA Method 35 3'21’ o 5).0 (K-GCRD-SOP- GCRD
Ammonium Nitrogen EPA Method 350.1 (K-GCRD-SOP-1151-0) GCRD
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Orthophosphate Phosphorus EPA Method 365. 11’ lr ?1/ 02) 0 (K-GCRD-SOP- GCRD
Metals
ICP-OES Total Metals>? EPA Method ég%gg&%?ﬁgfgp'l 154-0, K- GCRD
ICP-OES Dissolved Metals? EPA Method 200.7 (K-GCRD-SOP-1154-0) GCRD
ICP-MS Total Metals®* EPA Method ég%%%&%?ﬁgfgp'l 156-0, K- GCRD
ICP-MS Dissolved Metals* EPA Method 200.8 (K-GCRD-SOP-1156-0) GCRD
ICP-MS Rare Earth Elements® K-GCRD-SOP-1158-0 GCRD
Mercury® Under development GCRD
Anions
Bicarbonate Calculated’ GCRD
Bromide K-GCRD-SOP-3329-0 GCRD
Chloride EPA Method 9056A (K-GCRD-SOP-3329-0) GCRD
Fluoride EPA Method 9056A (K-GCRD-SOP-3329-0) GCRD
TIodide K-GCRD-SOP-1097-2 GCRD
Sulfate EPA Method 9056A (K-GCRD-SOP-3329-0) GCRD
Stable Isotopes
O, H Stable isotopes of water K-GCRD-SOP-1137-0 GCRD
Sr Isotopes Method in Development GCRD
Sulfur Isotopes Method in Development GCRD
Dissolved Carbon, Organic and Inorganic
DOC EPA Method 9060A (K-GCRD-SOP-1165-0) GCRD
DIC EPA Method 9060A (K-GCRD-SOP-1165-0) GCRD
Organic Analytes
zs(l)ag;Ge’SOrganlc Compounds K-GCRD-SOP-3445-0 GCRD

'TDS (mg/L) = SPC (uS/cm) x 0.65

2 Al B, Ba, Ca, Fe, K, Li, Mg, Na, Si, Sr, Ti, Zn results will be reported.

3 Total metals only analyzed for runoff. surface water, and spring samples.

*Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Se, Th, Tl, U, and V.

3> La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu will be reported.

% Continuation of mercury and VOC analysis will be made after first year of sampling.

" Calculated based on the DIC concentration and pH using AqQA or using an Excel spreadsheet

calculator for carbonate speciation.
8For list of VOCs analyzed see method.

Table 4. Current and Proposed Well Construction Details

Well Name Total Depth Screened/Open Interval

(Feet below land surface) (Feet below land surface)
EAR-1 150 30-150
EAR-2 150 30-150
EAR-3 150 30-150
EAR-4 150 30-150
EAR-1S* 100* 80-100*
EAR-2S* 100* 80-100*
EAR-3S* 100* 80-100*
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EAR-4S* 100* 80-100*

EAR-IT* 250* 200-250*
EAR-3I* 250* 200-250*
EAR-41* 250* 200-250*
EAR-1D* 1000* 250-1000*
EAR-5D* 750* 250-750*
EAR-6D* 750* 250-750*

*Indicates proposed well, total depth and open/screened interval.

Based on the experimental design up to 20 locations including wells, springs, surface runoff and
surface water will be sampled during any sampling round in addition to QC samples (field and
equipment blanks, temperature blanks, duplicate samples, spiked samples (if method requires),
and matrix spike duplicate samples (if method requires). Field and equipment blanks will be
collected at minimum once per day, and temperature blanks will be one per cooler. A trip blank
will be included in each ice chest with VOC samples. A duplicate sample will be collected for
every ten samples or one sample per matrix.

B.1.3 Soil/ Sediment Characterization

Soils/ sediments from wells will be collected from each 20-foot section into large plastic bottles
or plastic core tube in the field, kept on ice and shipped back to the GCRD lab. The soils/
sediments at the GCRD lab will follow the SOP for storage and disposal (K-GCRD-SOP1146-1).
The soil samples will be dried in the laboratory atmosphere and gently ground with a mortar and
pestle to pass through a 2-mm sieve. The soil particle fractions larger than 2-mm will be weighed
and recorded. The sieved samples (smaller than 2-mm) will be mixed and subsamples will be
used for a variety of analyses including soil texture using the hydrometer method (Gee and Or,
2002), pH in water and 0.01 M calcium chloride (Thomas, 1996), electrical conductivity
(Rhoades, 1996), cation exchange capacity (Sumner and Miller, 1996), total carbon/inorganic
carbon (Nelson and Sommers, 1996), total metals (EPA method 200.7; EPA Method 200.2; K-
GCRD-SOP-1090-5), as well as mineralogy using x-ray diffraction (Moore and Reynolds, 1997;
K-GCRD-SOP-1107-1) and electron microscopy (K-GCRD-SOP-1745-0). Depending on the
outcome of the soil/sediment characterization Fourier transform infrared and Raman
spectroscopy (Johnston and Aochi, 1996) and synchrotron analysis (Fendorf and Sparks, 1996)
may be performed. Additional analysis may be added depending on needs for the project.

B.1.4 Borehole Geophysical Logging

Electromagnetic induction and natural gamma properties of the aquifer materials will be logged
using geophysical tools in monitoring wells EAR1, EAR2, EAR3, EAR4 and any other wells in
the area using standard operating procedure K-GCRD-SOP-1157-0 and the Century
Geophysical, Inc., logging trailer and sonde (9510C) owned by GCRD. Natural gamma and
electromagnetic induction logs are industry standard tools designed to aid in the interpretation of
site stratigraphy. The selected wells and piezometers provide full horizontal and vertical
coverage of the site. These data will be used to define the geologic framework and describe
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lithologic variation within the aquifer. All data sets generated during the geophysical logging
will be backed up to a flash drive prior to leaving the site.

Additional borehole geophysical tools will be used at the site as SOPs become available. It is
anticipated that this will include acoustic televiewer, resistivity (e-log), electromagnetic borehole
flow meter, fluid properties and possibly other tools.

B.1.5 Electrical Resistivity Imaging

Electrical properties of aquifer materials are often correlated with differences in lithology.
Electrical resistivity imaging (ERI) techniques will be applied at this site using a SuperSting R8
unit manufactured by Advanced Geosciences Inc., to better define the local stratigraphy and
potential areas of variability within the aquifer. Methodology for the ERI investigation will
follow standard operating procedure K-GCRD-SOP-1139-0. The ERI results will be compared
with boring logs to identify possible differences in lithology and target areas for additional
hydrogeologic investigation. All data sets generated during the investigation will be backed up
from the SuperSting unit to a flash drive prior to leaving the site.

In order to better understand the connectivity between the shallow portions of the aquifer and the
deeper zones that likely contribute most of the flow to Byrds Mill spring, five long-line ERI
surveys will be performed. The orange lines on Figure 4 indicate the locations of approximately
1.1 km long ERI lines with 5 m electrode spacing that will provide a survey depth of
approximately 225 meters below land surface, which should allow the identification of
conductive zones. These surveys will be used to identify locations for deep monitoring wells
(e.g., 200 m). This will be followed by an ERI survey on portions of the same lines with 6 m
electrode spacing to provide greater resolution of any geologic features present in the subsurface.
The subcontractor conducting the 1.1 km long ERI survey will be provided a copy of the K-
GCRD-SOP-1139-0 and will be required to follow that SOP.

EPA will conduct ERI surveys as indicated by the red lines on Figure 4. These lines indicate the
approximate locations of ERI lines in the vicinity of the large karst recharge feature. These ERI
survey lines will have electrode spacing of 4 meters, allowing a vertical penetration of
approximately 45 meters. The lines will be buried in a shallow trench with each electrode in
direct contact with the strata using a conductive bentonite paste. Burial of the cable and
electrodes will prevent damage to the cable by vermin and more importantly ensure consistent
contact of the electrodes with the sediments/rock over time. These surveys lines are intended to
capture the movement of water through fractures and solution openings in the unsaturated karst
strata into the saturated zone. This will be accomplished by imaging the profile under dry
conditions and after overland recharge events. The images will be differenced using AGI
software. The image differencing will indicate changes in resistivity between surveys indicating
water transport through the subsurface.
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B.1.6 Hydrologic Testing

B.1.6.1 Slug Tests

Slug tests will be used to estimate the transmissivity and saturated hydraulic conductivity of the
aquifer in monitoring wells and piezometers located at the site. The methodology for performing
slug tests will follow K-GCRD-SOP-1104-1, if the hydraulic conductivity is below 0.01 cm/s,
and K-GCRD-SOP-1103-1, if the hydraulic conductivity is equal to or greater than 0.01 cm/s.
When tests will be performed in multiple wells using the same slugs and transducers, slugs and
transducers will be rinsed with potable water between each well/piezometer. All electronic data
files will be backed up to a portable flash drive prior to leaving the site.

B.1.6.2 Electromagnetic Borehole Flowmeter Tests

The distribution of groundwater flow to a monitoring well under pumping/non-pumping
conditions and the saturated hydraulic conductivity of geologic materials adjacent to the well
screen will be estimated using a Tisco/QE electromagnetic borehole flowmeter as detailed in
procedure K-GCRD-SOP-1092-1. Electromagnetic borehole flowmeter tests will be utilized at
existing monitoring wells to better define aquifer heterogeneity and refine estimates of bulk
hydraulic conductivity derived from slug tests. All electronic data files will be backed up to a
portable flash drive prior to leaving the site.

B.1.6.3 Surface water flow measurements using weirs

Surface water flow into the retention pond will be measured using a weir located adjacent to the
pond (Figure 5). Similarly, the volume of water flowing out of the pond will be measured using
weirs located on the pond spillway and at the entrance to the large sinkhole. The weirs are
designed by the Chickasaw Nation and will be installed by the City of Ada as in-kind
contributions to the project.

Flow rates over the weirs will be calculated using the following equation:
Q =3.33 H¥?(L-0.2H)

Where Q is discharge (ft*/sec), L is width of weir (ft), and H is height of water above weir in feet
(USBR, 1997), which will be measured and recorded using a datalogging pressure transducer
installed upstream of the weir.
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Figure 4. Potential locations of ERI lines in relation to karst feature (sink hole) and Byrds Mill
Spring.
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Figure 5. General surface water flow lines into and through (Blue) the pond. Red lines indicate
general flow paths out of the retention pond. Weir locations are indicated by white rectangles to
quantify flow out of the pond via the spillway or via the sinkhole

B.2 SAMPLING PROCEDURES
B.2.1 Runoff Sample Collection

Four to six refrigerated-automated samplers equipped with data logger, at minimum will be
deployed at the site during the study and will be used to measure and log stage and initiate
collection of stormwater runoff for chemical analysis of water samples to characterize
stormwater runoff events. The samplers will be located 1) within the sink hole, 2) in the pond, 3)
in the dry channel leading to the pond, 4) at Byrds Mill Spring and potentially two other
locations to be specified later. The data loggers will record stage data in 15-minute intervals
when no runoff is occurring. Depending on availability and configuration of the autosampler,
additional sensors and measures may be added (e.g. velocity sensor, precipitation). During
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runoff events, the data-recording frequency for stage and any other added sensors will be
increased to 1-minute intervals when a stage measurement in the channel leading to the pond
exceeds 5 cm (increased data-recording data threshold) needed to completely submerge the stage
and velocity sensors. The data logger program will enter sampling mode when a stage
measurement of 15 cm (sampling threshold) is reached. The peristaltic pump in the automatic
sampler will be used to draw stormwater through a 1 cm inside by 1.3 cm outside diameter
Teflon-lined sample tubing. The tubing intake line will be positioned to draw water from storm
runoff pipe or drainage ditch from a catch basin. The tubing-intake will be sloped down gradient
into the pipe or drainage ditch so water will not collect in the tubing.

The automated sampler will be programmed to perform three field rinses through tubing up to
the peristaltic-pump head before collecting a sample. The automated sampler will be equipped
with 14 1-L sample bottles or alternatively a 10-L sample bottle. Samples will be collected using
14 1-L or ten 1-L pump cycles collected in 5-minute intervals, however these sampling intervals
could be varied to meet specific sampling needs. The automated sampler will be calibrated onsite
to deliver 1-L for each pump cycle. The data logger will receive and log a signal from the
sampler for each completed pump cycle and will record pumped sample volume during a runoff
event. Once in sampling mode, the data logger will trigger samples based on a preset time until
all sample bottles have been collected or 10-L of sample is collected when the 10-L sample
bottle is used, or the stage falls below the sampling threshold. All data and sampling thresholds
can be adjusted within the data logger program at the monitoring station through remote
communication using wireless cellular communication, data logger access, and reprogramming
capabilities. After the composite sample has been collected, the data logger will continue to
collect stage and precipitation data in 1-minute intervals until stage falls below the 5 cm data
threshold. When stage falls below 5 cm the data-recording frequency will revert to 15-minute
intervals. When lower than expected sample volume is collected, system will be reset with clean
bottles (1-L bottles) or the existing composite sample (10-L bottles) will be flagged in the data
and processed like a whole sample at the discretion of the PL based on the ability to meet quality
criteria for the analytes desired.

The automated sampler will have remote access and retrieval of data through off-site monitoring
of system status, notification when a sample event is occurring, or when equipment service is
required. Upon retrieval of the sample after a runoff event, the sample will be removed from the
automated sampler and data recorded by the data logger will be downloaded. The composite
sample will be split in subsamples for specific chemical analysis.

B.2.1.1 1-L Sample Bottle Carrousel

The 14 1-L sample bottle carrousel will be used to collect runoff and spring samples. The
advantage of using this sampling technique is that time interval samples can be collected during
a runoff or precipitation event to provide insight into patterns of constituent concentrations and
concentrations of constituents in springs following the event. Alternatively, samples can be
composited based on times intervals (multiple bottles combined) or as a whole sample (to be
determined by professional judgement). The method for collecting the subsamples will be
described next.
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1. Remove sample carrousel from the automated sampler.

2. If samples are to be composited, group the sample bottles by the appropriate time
intervals to be composited, taking care to label bottles in correct chronological order. If
bottles are to be analyzed as single samples, label each bottle as 1 — 14 ensuring that the
numbers correspond to the correct chronologic order.

3. For composite samples pour the contents of the individual bottles for a sample time
interval into a clean 5-gallon bucket and mix the sample using a clean mixing rod. For
single bottles thoroughly mix the sample in the sample bottle.

4. Once the sample has been mixed pour off 200 mL of sample into an appropriately sized
container for measuring field parameters: alkalinity, Fe**, sulfide, temperature, specific
conductivity (SPC), total dissolved solids (TDS), dissolved oxygen (DO), pH, and
oxidation reduction potential (ORP).

5. Measure the field parameters and record values in the field notebook.

6. Once field parameters have been recorded, a series of unfiltered samples will be collected
into pre-labeled sample bottles using a peristaltic pump using clean tubing and pump
tubing as follows.

a.

Three 40-ml amber glass VOA bottles will be collected without headspace, for
VOC analysis using K-GCRD-SOP-3445-0. Sulfuric acid (H2SO4) will be added
to the VOA vial after collection to obtain a pH < 2 as a preservative. The samples
will be stored and shipped on ice to the GCRD Laboratory for GC-MS analysis.

A 125-mL plastic bottle will be collected for metals analysis will be filled for the
analysis of total metals concentrations. Analysis of these samples will be by ICP-
OES (EPA Method 200.7) and by ICP-MS (EPA Method 200.8). These samples
will be preserved using concentrated nitric acid (HNO3) to a pH < 2 (pH test strips
will be used as spot checks on samples to confirm that the sample pH is <2). The
samples will be stored and shipped on ice to GCRD Metals Lab for analysis. The
total metal samples will be microwave digested in accordance to the method
outlined in K-GCRD-SOP-1089-4.

A 60 ml plastic bottle will be collected for total nitrogen and total phosphorous
analysis using K-GCRD-SOP-1151-0. Samples will be preserved with H2SO4 to a
pH <2 (pH test strips will be used as spot checks on samples to confirm that the
sample pH is < 2). The samples will be stored and shipped on ice to GCRD
Metals Lab for analysis.

7. After the unfiltered samples have been collected a high-capacity ground-water filter
(0.45um, Pall Corporation, or equivalent manufacturer) will be placed on the end of the
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pump tubing and filtered samples will be collected into pre-labeled sample bottles. First,
approximately 100 mL of ground water will be filtered and sent to waste and next the
following series of samples will be collected.

a.

One 60-mL clear plastic bottle for sulfate, chloride, bromide and fluoride using
ion chromatography (K-GCRD-SOP-3329-0). lodide analysis will be analyzed
using K-GCRD-SOP-1097-2. Orthophosphate phosphorous using EPA Method
365.1 (K-GCRD-SOP-1151-0). No preservative will be added. The samples will
be stored and shipped on ice to the GCRD general parameters lab.

A 125-mL plastic bottle will be filled for the analysis of dissolved metals, rare
earth element (REE), mercury concentrations and Sr isotope ratios. Analysis of
these samples will be by ICP-OES (EPA Method 200.7) and ICP-MS (EPA
Method 200.8, and for REE by K-GCRD-SOP-1158-0). Strontium isotopes and
mercury analysis will be conducted using SOPs that are currently under
development. These samples will be preserved using concentrated HNOs3 to a pH
<2 (pH test strips will be used as spot checks on samples to confirm that the
sample pH is <2). The samples will be stored and shipped on ice to the GCRD
Metals Lab for analysis.

One 40-mL glass VOA vials will be collected for analysis of dissolved inorganic
carbon (DIC) also filtered and analyzed using EPA Method 9060A (K-GCRD-
SOP-1165-0. No preservative will be added to these samples. The samples will be
stored and shipped on ice to the GCRD general parameters lab.

One 40-mL glass VOA vials will be collected for analysis of dissolved organic
carbon (DOC) also filtered and analyzed using EPA Method 9060A (K-GCRD-
SOP-1165-0). The samples will be stored and shipped on ice to the GCRD general
parameters lab.

A 20-mL glass VOA will be collected for analysis of §'*0 and §°H of water using
cavity ring-down spectrometry using K-GCRD-SOP-1137-0. The sample will be
stored and shipped on ice o the GCRD general parameters lab.

One 60-mL clear plastic bottle for nitrate + nitrite, and ammonia also filtered and
analyzed using EPA Method 353.2 and EPA Method 350.1 (K-GCRD-SOP-1151-
0). This sample will be preserved with H2SO4, pH <2 (pH test strips will be used
as spot checks on samples to confirm that the sample pH is <2). The samples will
be stored and shipped on ice to the GCRD lab.

B.2.1.2 10-L Bottle
The subsampling of the 10-L sampler bottle will be described below.

1. Remove sample carrousel from the automated sampler.
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Empty the contents of the 10-L sampler bottle into a clean 5-gallon bucket and mix the
sample using a clean mixing rod.

Follow steps 4 — 7 including all sub steps in section B.2.1.1 until all subsamples have
been collected.

B.2.2 Groundwater Sampling

Wells and piezometers will be used to sample groundwater as part of this study. The type of
pump that will be used for sampling of wells and piezometers is a submersible pump (e.g.
Proactive pump or similar type of pump). A bladder pump (QED or equivalent bladder pump)
could potentially be used when needed.

The following methods will be used for sampling monitoring wells.

1.

Water level measurements will be taken prior to placing the pump in the well or pumping
the well. The water level measurements will follow the K-GCRD-SOP-1132-0 standard
operating procedure. Water levels will be recorded in the field notebook or purge log
prior (Attachment 1) to sampling.

A dedicated piece of tubing for each well or piezometer (stored in large plastic bag
placed inside storage unit at the site when not being used for sampling) will be connected
to the pump and the pump will be lowered into the well to the desired depth within the
well screen. The pump will then be powered on. The initial pump rate will be at the
pumps maximum pumping rate, likely between 3.5 — 7.5 L/min depending on depth to
water at the time of the sampling. The initial pump rate will be maintained until 3 well
volumes has been pumped from the well. The rate of pumping will be determined by
measuring the water volume collected after approximately 1 min into a calibrated
container. The well volume will be calculated using the equation for a cylinder (e.g., v =
nr’h). Once the three well volumes have been pumped, the pumping rate will be lowered
to a lower pumping rate for sampling; the desirable pumping rate for sampling will be
less than 0.5 L/min. Once the rate of pumping has been determined, the other end of the
tubing will be connected to a flow cell equipped with an YSI 5600 multiparameter probe
(or equivalent probes). The YSI probe (or equivalent probes and electrodes) will be used
to track the stabilization of pH, oxidation-reduction potential (ORP), specific
conductance (SPC), dissolved oxygen (DO), and temperature. In general, the guidelines
in Table 4 will be used to determine when parameters have stabilized. These criteria are
initial guidelines; professional judgment in the field will be used to determine on a well-
by-well basis when stabilization occurs. The values for parameter stabilization will be
recorded to the purge log at approximately 2 min intervals until parameter stabilization
has been reached. Water levels will be taken following sampling to confirm the
drawdown caused by pumping.
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3. Once stabilization occurs, the final values for pH, ORP, SPC, DO, and temperature will
be recorded on the purge log.

4. After the values for pH, ORP, SPC, DO, and temperature have been recorded, the flow
cell will be disconnected. A series of unfiltered samples will be collected into pre-labeled
sample bottles as follows:

a. A 1-L plastic beaker or glass jar will be filled for selected analyses to be
conducted in the field. Field measurements will consist of turbidity, alkalinity,
ferrous iron, and dissolved sulfide (Table 5). Turbidity (EPA Method 180.1) will
be measured using a HACH 2100Q portable turbidimeter (or equivalent
instrument). Alkalinity will be measured by titrating ground water with 1.6N
H2S04 to the bromcresol green-methyl red endpoint using a HACH titrator
(HACH method 8203, equivalent to Standard Method 2320B for alkalinity).
Ferrous iron will be measured using the 1,10-phenanthroline colorimetric method
(HACH DR/2010 spectrometer, HACH method 8146, equivalent to Standard
Method 3500-Fe B for wastewater). Dissolved sulfide will be measured using the
methylene blue colorimetric method (HACH DR/2010 spectrometer; HACH
method 8131, equivalent to Standard Method 4500-S*~ D for wastewater).

b. Three 40-ml amber glass VOA bottles will be collected without headspace, for
VOC analysis using K-GCRD-SOP-3445-0. H2SO4 will be added to the VOA vial
after collection to obtain a pH < 2 as a preservative. The samples will be stored
and shipped on ice to the GCRD Laboratory for GC-MS analysis.

c. A 125-mL plastic bottle will be collected for metals analysis will be filled for the
analysis of total metals concentrations. Analysis of these samples will be by ICP-
OES (EPA Method 200.7) and by ICP-MS (EPA Method 200.8). These samples
will be preserved using concentrated HNO3 to a pH < 2 (pH test strips will be
used as spot checks on samples to confirm that the sample pH is <2). The samples
will be stored and shipped on ice to GCRD Metals Lab for analysis. The total
metal samples will be microwave digested in accordance to the method outlined
in K-GCRD-SOP-1089-4

d. A 60 ml plastic bottle will be collected for total nitrogen and total phosphorous
analysis using K-GCRD-SOP-1151-0. Samples will be preserved with H2SO4 to a
pH <2 (pH test strips will be used as spot checks on samples to confirm that the
sample pH is < 2). The samples will be stored and shipped on ice to GCRD
Metals Lab for analysis.

5. After the unfiltered samples have been collected a high-capacity ground-water filter
(0.45um, Pall Corporation, or equivalent manufacturer) will be placed on the end of the
pump tubing and filtered samples will be collected into pre-labeled sample bottles. First,
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approximately 100 mL of ground water will be filtered and sent to waste and next the
following series of samples will be collected.

a.

One 60-mL clear plastic bottle for sulfate, chloride, bromide and fluoride using
ion chromatography (K-GCRD-SOP-3329-0). lodide analysis will be analyzed
using K-GCRD-SOP-1097-2. Orthophosphate phosphorous using EPA Method
365.1 (K-GCRD-SOP-1151-0). No preservative will be added. The samples will
be stored and shipped on ice to the GCRD general parameters lab.

A 125-mL plastic bottle will be filled for the analysis of dissolved metals, REEs,
mercury concentrations and Sr isotope ratios. Analysis of these samples will be by
ICP-OES (EPA Method 200.7) and ICP-MS (EPA Method 200.8, and for REE by
K-GCRD-SOP-1158-0). Strontium isotopes and mercury analysis will be
conducted using SOPs that are currently under development.. These samples will
be preserved using concentrated HNO3 to a pH < 2 (pH test strips will be used as
spot checks on samples to confirm that the sample pH is <2). The samples will be
stored and shipped on ice to the GCRD Metals Lab for analysis.

Sulfur isotopes may also be collected. Method and sampling details will be
provided

One 40-mL glass VOA vials will be collected for analysis of dissolved inorganic
carbon (DIC) also filtered and analyzed using EPA Method 9060A (K-GCRD-
SOP-1165-0). No preservative added will be added to these samples. The samples
will be stored and shipped on ice to the GCRD general parameters lab.

One 40-mL glass VOA vials will be collected for analysis of dissolved organic
carbon (DOC) also filtered and analyzed using EPA Method 9060A (K-GCRD-
SOP-1165-0). The samples will be stored and shipped on ice to the GCRD general
parameters lab.

A 20-mL glass VOA will be collected for analysis of §'*0 and §°H of water using
cavity ring-down spectrometry using K-GCRD-SOP-1137-0. The sample will be
stored and shipped on ice to the GCRD general parameters lab.

One 60-mL clear plastic bottle for nitrate + nitrite, and ammonia also filtered and
analyzed using EPA Method 353.2 and EPA Method 350.1 (K-GCRD-SOP-1151-
0). This sample will be preserved with H2SO4, pH < 2 (pH test strips will be used
as spot checks on samples to confirm that the sample pH is <2). The samples will
be stored and shipped on ice to the GCRD lab.
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B.2.2.1 Discreet Sampling with Century “Bomb” Samplers

The following methodology will be used to acquire groundwater samples from intervals of
interest identified during geophysical logging of the deep wells.

1y

2)

3)

4)

5)

6)

The logging trailer will be used to lower the bomb sampler (Century Geophysical
Corporation Fluid Sampler, 1 liter, 303 SS, model # 9751 plus a series of 304 SS
vessels) through the well opening and to the desired depth within the screened
interval. A series of valves will be used to attach 500 mL vessels and two 150 mL
stainless steel sampling vessels (Swagelok, 150 mL, 304L SS, part #304L-HDF4-
50a). This series of sampling vessels will used to collect groundwater in one
sampling pass.

Once at the desired depth, the bomb sampler will be activated from the surface and
groundwater will fill the bomb sampler and attached sample vessels.

Once the bomb sampler is allowed to fill, the downhole valve on the bomb sampler
will be closed and the sampling vessels will be retrieved.

Once at the surface, samples will be collected after first expelling the contents of the
bomb sampler into an appropriate sized plastic reservoir. A peristaltic pump will be
used to pump water from the reservoir through polyethylene tubing into pre-labeled
sample bottles.

A 200 mL unfiltered sample will be collected for field measurements. Field
measurements will consist of temperature, SPC, TDS, DO, pH, ORP, alkalinity,
ferrous iron, and dissolved sulfide.

Once field measurements have been collected a series of unfiltered and filtered
samples will be collected as outlined in section B.2.2.

The procedure described above for deploying the bomb-sampler may be used on the deep and
intermediate depth monitoring wells.

Table 5. Geochemical parameter stabilization guidelines.

Parameter Stabilization Criteria Calibration Standards

pH <0.02 pH units/min pH 4, 7, and 10 buffers
Oxidation Reduction Potential (ORP) <1 mV/min 231 mV Zobell’s Solution
Specific Conductance (SPC) <1 %/min 1413 pS Conductivity Standard
Dissolved Oxygen (DO) <0.25 mg/L/min

Table 6. Field analytical methods to be used in this study.

Analyte Method Equipment
Alkalinit Standard Method 2320B; HACH HACH Model AL-DT Digital
Y method 8203 Titrator (or equivalent device)
Dissolved Ferrous Tron Standard Method 3500-Fe B; HACH DR890 Portable
HACH Method 8146 Colorimeter (or equivalent device)
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Analyte Method Equipment
Dissolved sulfide Standard Method 4500-S* D; HACH DR890 Portable
HACH Method 8131 Colorimeter (or equivalent device)
Turbidity EPA Method 180.1 HACH 2100Q Portable
Turbidimeter

pH EPA Method 150.2 YSI 556MP or equivalent
combination of meters and probes

Dissolved Oxygen EPA Method 360.1 Y.SI 5.56MP or equivalent
combination of meters and probes

Temperature EPA Method 170.1 YSI 5.56MP or equivalent
combination of meters and probes

Specific conductance EPA Method 120.1 Y‘SI 5.56MP or equivalent
combination of meters and probes

ORP No EPA Method Y‘SI §S6MP or equivalent
combination of meters and probes

TDS! No EPA Method YSI 556MP or equivalent

combination of meters and probes
'A calculated value from the YSI 556MP based on the specific conductance measurement.

B.2.3 Surface Water Sampling

Samples will be collected using a peristaltic pump with the tubing attached to a painter’s
extension pole that extends to 12 feet and an attached roller frame (6-inch roller). This will keep
the end of the tubing above the bottom sediment to reduce any capture of sediment into the
sampling bottles. The locations of the sampling sites will be recorded with a handheld GPS
device. General observations will be recorded in a field notebook. The analytes sampled for will
be the same as in the groundwater sampling section (Section B.2.2).

The following methods will be used for sampling surface water.

1. Attach the roller frame to the painter’s extension pole and extend the pole to its
maximum reach.

2. Attach two C-clamps to the grip end of the painter’s extension pole so that the screw
portion of the c-clamps point towards the ground (point of the roller frame will point
upwards) and are approximately 45° from a level horizontal plane (see Figure 5). The
C-clamps will help keep the painter’s extension pole from moving and ensure that the
tubing points away from the bottom sediment.

3. Attach one end of a clean piece of 3/8 in x 1/2 in X 1/16 inch poly tubing to the roller
frame using three plastic wire ties (see Figure 6).

4. Once the tubing has been attached to the roller frame at approximately 2-foot intervals,
tape the poly tubing to the painter’s extension pole.
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5. Carefully place the tubing and painter’s extension pole assembly in the desired sampling
location in the surface water and ensure that only the tubing that is to be placed in the
water goes in the water. Assure that the end of the tubing that is in the water is pointing
away from the bottom sediment and that it is underwater. If not adjust until these criteria
are meet (see Figure 7).

Figure 6. Surface water sampling. A) is the entire set up. B) is a close up showing the placement
of the c-clamps.
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Figure 7. Close up of how the tubing is connected to the roller frame and top of the painter's
extension pole.

6. Using a hand-held GPS record the position of the end of the painter’s extension pole
along the shoreline of the surface water body. Record this position.

7. Unroll the poly tubing until you reach the desired sample collection location where the
peristaltic pump is located. Cut the tubing.
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8. Obtain the Masterflex tubing and cut approximately 2 feet of this tubing.

Figure 8. Positioning of the sampling tube attached to the roller frame and painter is extension
pole showing the inlet for the sampling tube above the bottom sediments.

9. Connect the Masterflex tubing to the poly tubing from the sampling assembly.

10. Cut another approximately 4-foot piece of poly tubing and connect it to the other end of
the Masterflex tubing. This piece of poly tubing will be used to fill bottles and connect to
the in-line filter.

11. Place the Masterflex tubing in the peristaltic pump head and secure the tubing.

12. Turn on the peristaltic pump and verify that the pump direction is such that the water
from the surface water body will be pumped to the shore and sample collection location.
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If not reverse the pump direction. It can take several minutes for the water to pump to the
sample collection location.

13. Once the water arrives at the sample collection location, adjust the pump rate so that the
flow of sample is < 1 L/min.

14. Allow several liters of water to purge before collecting samples as described in Section

B.2.2.

B.2.4 Sample containers and sample volumes

The sample containers and sample volumes needed are given in Table 7. Note that parameters for
field analysis are not included since these will be measured in the field during sampling.

Table 7. Sample containers, volumes, preservation and holding times for the lab analytes
sampled in this study for water samples.

Parameter Analysis Method Sample Bottles/i Preservation/Storage Ho!dmg
of bottles Time
EPA Method 200.7, EPA . )
Total Metals Method 200.8, and K- 1251;?[112}?5“0 HNOté’anirz t2,r;00m 6 months
GCRD-SOP-1089-4 peratu
Dissolved Metals EPA Method 200.7 and
EPA Method 200.8 125-ml plastic HNO;3, pH <2; room
Dissolved Rare K-GCRD-SOP-1158-0 bottle/1 temperature 6 months
Earth Elements
Strontium Isotopes Under Development
Mercury Under Development
Total Nitrogen . H,SO4, pH<2;
Total Phosphorous K-GCRD-SOP-1151-0 60 mL plastic/1 refrigerate <6°C 28 days
. . EPA Method 353.2 (K-
Ntrate + Mirhe GCRD-SOP-1151-0) 60 mL plastic/1 H250,, pH<2, 28 days
Ammonia EPA Method 350.1 (K- P refrigerate <6°C Y
GCRD-SOP-1151-0)
Bromide
Chloride
Fluoride K-GCRD-3329-0 28 days
Sulfate 60 mL plastic/1 Refrigerate<6°C
Iodide K-GCRD-SOP-1097-2
EPA Method 365.1 (K-
Orthophosphate GCRD-SOP-1151-0) 24 hrs
O, H Stable isotopes | Gepp-sop-1137-0 | 20MEESVOA 1 popicerate at <6°C | Stable
of water vial/l
Sulfur Isotopes K-GCRD-SOP-3830-0 TBD Refrigerate at <6°C Stable
40 mL clear glass . o
DOC EPA Method 9060A VOA vial/l refrigerate <6°C 7 days
40 mL clear glass . o
DIC EPA Method 9060A VOA vial/l refrigerate <6°C 14 days
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Parameter Analysis Method Sample Bottles/# Preservation/Storage Ho!dmg
of bottles Time
. . H>S04<2
Volatile Organic K-GCRD-SOP-3445.0 | 40mlglass VOA 1 oo crate <4°C 14 days
Compounds (VOC) /3
(no headspace)

B.2.5 Sample Preservation and Holding Times.
Sample Preservation and holding times are listed in Table 7.
B.2.6 Sample Labeling

Samples collected from each sampling location will include the unique label, the date, the initials
of the sampler, and designation of the sample type, e.g., “metals” and preservation method (when
applicable). This information will be recorded onto labeling tape, using water-insoluble ink,
affixed to each sample bottle. Samples will be labeled as follows. Samples will be labeled
EARGWxx. The first three letters, EAR will be the same for all sample collected as part of this
study since it will be the code for this project. The next two letters will be for the sample type,
GW for groundwater, RO for runoff sampler samples, SP for spring samples, and SW for surface
water. The xx will move in sequence (i.e., 01, 02, etc.). If the same points are sampled in
subsequent trips, the number designation will remain the same (linked to the site). Duplicate
samples will be marked by dup following the label above. Samples collected for use in spikes
will be marked by Spike following the label above. Equipment blanks will be labeled EqBlank
XX, where XX will move in sequence. Similarly, Field Blanks will use the same system, but the
EqgBlank will be replaced with FBlank.

B.2.7 Procedures for packing and shipping samples

Samples collected from each analytical parameter will placed together in a sealed Ziploc plastic
bag. The bags will be placed on ice in coolers. Glass bottles will be packed with bubble wrap to
prevent breakage. It is anticipated that samples will be brought back by the sampling crew to
GCRD after each day of sampling. The coolers will in addition to samples contain analytical
service request forms (ASRF), which will also serve as the chain of custody form (COC).
However, if labs other than GCRD labs are used the coolers will be sent via using overnight
services to the appropriate lab with chain of custody COC forms, ASRF (if applicable) and
custody seal will be affixed to the outside of each cooler.

At least 1 week prior to collecting samples, a technical directive (TD) must be submitted to the
lab. The lab will assign a TD number and this number must be placed on all ASRF (Attachments
2) and COCs for samples shipped to GCRD to ensure that the proper analysis will be performed
on the samples. The individual PL or their designee will be responsible for submitting a TD to
the GCRD labs. A TD will need be submitted to the General Parameters Laboratory and a
separate TD will need to be submitted to the Metals Laboratory and onsite contractor (Pegasus)
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for VOC analysis. Upon receipt at GCRD, all samples shall be logged-in using K-GCRD-1152-1,
Sample Receipt and Log-in Procedures for GWERD, Ada, OK. Ice chests are then opened, the
temperature blank is located to take the temperature and it is noted whether or not ice is still
present. ASRFs, and samples are removed. Samples are checked against the COC (ASRF). The
observations concerning temperature, if ice was not present, and any sample discrepancies are
noted on the COC and the sample custodian signs the form. A copy of the COC/ASRF is
distributed to the PL and the GCRD general parameters lab retains a copy. The PL should be
notified immediately if samples arrive with no ice and/or if the temperature recorded from the
temperature blank is > 6 °C. Samples can only be received Monday — Friday during normal
business hours with the exception of holidays. Samples cannot be received on holidays.

B.3 MEASUREMENT PROCEDURES
B.3.1 Analytical methods

Most of the analytical methods to be used in this study have already been listed previously. In
addition to these methods, water level measurements (K-GCRD-SOP-1132-0) and hydrologic
testing (K-GCRD-SOP-1092-1, K-GCRD-SOP-1103-1, K-GCRD-SOP-1104-1, and K-GCRD-
SOP-1134-0) will be used.

B.3.2 Calibration Procedures

For the GCRD laboratories the calibration procedures, including calibration frequency, linearity
checks, and initial and continuing calibration checks are described in GCRD SOPs. Detection
and quantitation limits are included in the GCRD analytical reports.

Field instruments (meters for pH, specific conductance, ORP, DO, and temperature) are
calibrated (per manufacturer’s instructions) or checked for calibration daily prior to use, mid-
day, and at the end of the day after the last sample measurement. Calibration standards shall be
NIST traceable, if available, and verified that all dated calibration standards are not beyond their
expiration date and will not expire during the field trip. Prior to deployment, each test meter will
be checked that it is in good working order. Calibration data will be recorded in bound
waterproof notebook and personnel making entries will adhere to the established notebook
policy. Calibration of instruments will be performed daily prior to initiation of sample collection
and will be performed according to manufacturer’s instructions and will be recorded in the field
notebook. In addition, calibration checks will be performed using known standards or buffers
before use, mid-day and at the end of the day. With the exception of pH, all checks must be
within £ 10 % of known concentrations and in the case of pH must be within + 0.2 pH units.
Dissolved oxygen calibration will be checked at the end of the day using a saturated air check
and must be within in the range of 90- 110 %. These calibration checks will be recorded in the
field notebook. If a calibration check fails, this will be recorded in the field notebook and the
possible causes of the failure will be investigated, corrective action taken, and the instrument
recalibrated. Samples taken between the last good calibration check and the failed calibration
check will be flagged to indicate there was a problem. Duplicate field measurements are not
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applicable to measurements in flow through cell (K-IO-SOP-1260-1, Field Analytical
QA/0C).

Hach spectrophotometers (ferrous iron and sulfide) and turbidimeters (turbidity) will be
inspected prior to going to the field and their function verified. These instruments are factory-
calibrated and will be checked in the lab prior to going to the field per the manufacturer’s
instructions. For the Hach spectrophotometers, this will consist of checking the accuracy and
precision for that method. The ferrous iron accuracy will be checked by measuring a 1 mg Fe?"/L
standard and the results should be between 0.90 -1.10 mg Fe**/L. Similarly, the precision will be
tested using the standard performing the measurement three times on this solution. The single
operator standard deviation should be no more than + 10%. Turbidity will be checked against
turbidity standards supplied by Hach. In addition, blanks (deionized water) will be run at the
beginning of the day, midday, and at the end of the day. The values for the blanks will be
recorded in the field notebook and any problems associated will be recorded. Turbidity blanks
will have detectable concentrations (typically < 1 NTU). If turbidity is > 2 NTU then the sample
cells will be decontaminated, and a new blank will be run. This process will continue until the
turbidity blank is <2 NTU. Standards for redox sensitive species such as sulfide and ferrous iron
are difficult to use in the field because once exposed to atmospheric oxygen their concentrations
can change. Similarly, calibration standards for alkalinity are sensitive to atmospheric carbon
dioxide. Alkalinity measurements will use a 1.6N H2SO4 solution to titrate samples and
standards in the field. The titrator will be checked using a 250 mg/L standard made from
Na2COs. The analyzed value should be in the range of 225- 275 mg/L. Duplicates will be
performed once a day. Duplicates acceptance criteria are Relative Percent Difference (RPD) <
15%. The values obtained for each duplicate sample will be recorded in the field notebook and
RPD will be calculated and recorded in the field notebook. If the duplicate samples fail an
additional duplicate sample will be taken and reanalyzed. If the additional duplicate samples fail
to meet the QC criteria, then the instruments will be checked, and corrective action taken. The
corrective actions will be recorded in the field notebook. Samples collected between the last
valid duplicate sample and the failed duplicate sample will be flagged.

B.3.3 Non-direct measurements

Non-direct measurements (also known as existing data or secondary data) are data from sources
other than those collected directly for this study (primary data). Existing data may be needed for
an understanding local groundwater quality and variability in groundwater quality to compare
with the study data and determine if there are significant differences. Sources of existing data
may include federal, state, and local databases, and peer reviewed literature.

As described elsewhere in the QAPP, primary data have criteria that must be met to be usable for
this project. Likewise, existing data must also be evaluated to ensure it meets project
requirements. Whether or not these data are acceptable to use for this case study is dependent
upon these evaluation criteria: (1) the organization that collected the data has a quality system in
place, (2) data were collected under an approved Quality Assurance Project Plan or other similar
planning document, (3) analytical methods used are comparable to those used for the primary
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data, (4) the laboratory has demonstrated competency (such as through accreditation) for the
analysis they performed, (5) the data accuracy and precision are within limits similar to that for
the primary data, (6) the MDLs and QLs are comparable to those associated with the primary
data or at least adequate to allow for comparisons, and (7) sampling methods are comparable to
those used for the primary data.

To be able to evaluate these criteria, metadata (data or information about the data) associated
with the data sources will be reviewed by the PLs. If the data does not meet project requirements,
or metadata is not available to provide for a complete evaluation of the data quality based on the
criteria above, the data would need to be qualified or rejected. If this action removes much of the

background data needed to make comparisons, it will not be possible to determine if there have
been significant changes to water quality. Instead of taking this action, these data will be used
with the understanding that they are of an indeterminable quality relative to the project

requirements.

B.4

B.4.1 Quality Control Samples

METHOD PERFORMANCE METRICS

Quality control samples, acceptance criteria and corrective actions for water samples collected in
the field are listed in Table 8.

Table 8. Field QC Samples to be collected for water samples.

Acceptance
QC Sample Purpose Method Frequency Criteria/
Corrective Actions
Assess Apply only to
o samples collected
contamination from . - . .
field equipment via equipment, such < QL: Sample will
samplin ’ as filtered samples: be flagged if > QL
Equipment Blanks Ping Reagent water is One per day of and analyte
procedures, decon . .
rocedures, sample filtered and sampling concentration <
P con tair’ler collected into 10x concentration in
.7 bottles and blank.
preservation, and
shipping preserved same as
' filtered samples.
One in every 10 .
samples, or fg <10 Report duplicate
Represent precision One or more sam les, collected data: RPD <30%
. . of field sampling, samples collected P for results greater
Field Duplicates . . ) . for a water type
analysis, and site immediately after than 5 x QL. The
h . - (ground or surface), .
eterogeneity. original sample. collect a duplicate affected data will be
for one sample! flagged as needed.
< (o}
temM::;tllllrrz of Water sample that is Record_te?mcerature'
Temperature Blanks peratt transported in cooler One per cooler. d temp ’
samples in the to lab condition noted on
cooler. ) COC form?
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transport and sample

containers with

collection

preservatives

Acceptance
QC Sample Purpose Method Frequency Criteria/
Corrective Actions
Ass'ess . In the field, reagent =QL: Sample will
contamination . be flagged if > QL
. water is collected
. introduced from . One per day of and analyte
Field Blanks . into sample . .
sample container . . sampling concentration < 10x
. . containers with ..
with applicable reservatives concentration in
preservation. P ' blank.
Ass.ess . In the Lab, reagent <QL: Sample will
contamination water is collected be flagged if > QL
Trip Blanks (VOC introduced to into sample One per cooler and analyte
only) sample during P containing VOCs. | concentration < 10x

concentration in

blank.

'At least two per sampling event if >12 samples are collected.
2The PL should be notified immediately if samples arrive with no ice and/or if the temperature recorded from the
temperature blank is greater than 6° C. These samples will be flagged accordingly.

For analytical methods performed at the GCRD General Parameters laboratory the QC samples,
and acceptance criteria for water samples analyzed are listed in Table 9.

Table 9. GCRD General Parameters Laboratory QC Requirements.

Blanks Calibration Second Source Lab Dublicates Matrix Spikes
Analyte (Frequency) Checks AC* Standard AC* ACH (Fr(? uency) AC*
q y (Frequency) (Frequency) q y (Frequency)
PE sample
<MDL; except o acceptance
Br,<03mglL | 20-H0%Rec |y, ies if other 80-120 % Rec.
L (Beginning, RPD <10 %
S04, CL, F, Br (Beginning and end. and eve than PE, 90- ( 15 les) (one per every
end of each 1 O’ sam les;y 110% Rec. every 1o samples 20 samples)
sample queue) p (One per
sample set)
90- 110 % of
known value o 80 -120 %
<% QL (At beginning 90-110 % of Recovery
known value
(Beginning and of each (Beginning of RPD <10 % (Every 20
Iodide at the end of analytical run. samgle s tgan d (Every 20 samples)/ LCS:
each set of Every tenth ese 20 samples) 80 —120% (If
samples.) sample and at Y matrix spike
samples)
end of fails)
analytical run.)
90-110 % of
~MDL known value | 90-110 % of
(Beginning and L 80-120 % Rec.
(after initial known value RPD <10 %
DOC/DIC at the end of . (one per 20 or
calib., every 10 (One per (every 10 samples)
each set of every set
samples, and at sample set)
samples.) end)
Stable Isotopes 0 — <1.5%o for &°H;
of Water NA <1.5%, for SH; NA <0.3%o for %0 NA
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Blanks Calibration Second Source Lab Dublicates Matrix Spikes
Analyte (Frequency) Checks AC* Standard AC* ACH (Fr£ uency) AC*
q y (Frequency) (Frequency) q Y (Frequency)
<0.3 %o for (Beginning and
580 end of sample set
(Beginning and and every 20
end of sample samples)
set and every 20
samples)
<low N
calibration 90-110 % Rec. 90-110 % of %(())Illzg)er/(:a\i:
standard (Beginning, known value RPD< 10 %
Orthophosphate (Beginning and | end, and every (One per (every 10 samples) 20 samples)
end of each 10 samples) sample set)
sample set)
<low
calibration 90-110 % Rec. 90-110 % of o
. standard (Beginning, known value RPD< 10 % 80-120 % Rec.
Total Nitrogen - (one per every
(Beginning and | end, and every (One per (every 10 samples) 20 samples)
end of each 10 samples) sample set) P
sample set)
<low
calibration 90-110 % Rec. 90-110 % of o
Total standard (Beginning, known value RPD< 10 % %(())r_llzoer/(:a\iec.
Phosphorous (Beginning and | end, and every (One per (every 10 samples) 20 sﬁm les;y
end of each 10 samples) sample set) P
sample set)
1
2OV | 90-110 % Rec. | 90-110 % of 20120 % Roc
Nitrate + L (Beginning, known value RPD< 10 % ° )
. (Beginning and (one per every
Nitrite end, and every (One per (every 10 samples)
end of each 20 samples)
10 samples) sample set)
sample set)
<V lowest o o
calib, std. | 20:110 % Ree. | 90-110 % of . 80-120 % Rec.
. . (Beginning, known value RPD<10 %
Ammonia (Beginning and (one per every
end, and every (One per (every 10 samples)
end of each 20 samples)
10 samples) sample set)
sample set)

Table Notes: This table only provides a summary; SOPs should be consulted for greater detail.
Corrective actions are outlined in the SOPs. *AC = Acceptance Criteria. MDL = Method Detection Limit. QL =
Quantitation Limit. PE = Performance Evaluation. NA= not applicable. LCS = Laboratory Control Spike

For sample analysis conducted by the GCRD Analytical Laboratory (for total and dissolved
metals using EPA Method 200.8, ICP-MS by K-GCRD-SOP-1156-0) the QC samples, and
acceptance criteria for water samples analyzed are listed in Table10.
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Table 10. GCRD Laboratory QC Requirements for I[CP-MS.

QC Type or Operation

Acceptance Criterion

Frequency

Instrument Calibration

The acceptance criterion for the
initial calibration correlation
coefficient is r>0.99.

Daily before sample analysis.

Initial Calibration Verification
(ICV)

90-110 % Recovery

Following instrument calibration
for each mass used.

Initial Calibration Blank (ICB)

<RL

Following each instrument
calibration, immediately after the
ICV.

Continuing Calibration Verification
(ccv)

90-110 % Recovery

For each mass used, at a frequency
of at least after the ICV, every 10
samples, and at the end of each run.

Low Level Quantitation Limit
Standard (LLQLS)at the RL

70-130 % Recovery

At beginning of each run.

Continuing Calibration Blank
(CCB)

<RL

At a frequency of at least after
every 10 samples, and at the end of
each run. Performed immediately
after the last CCV.

Interference Check Sample
(ICSA and ICSAB)

For solution AB, £20 % of the
analyte’s true value except Al &
Mo which are above calibration

range; for solution A <RL except
for interfering elements and Al.

At the end of the run

Serial Dilution

If the analyte concentration is
sufficiently high (minimally a
factor of 50 above the RL in the
original sample), the serial dilution
(a five-fold dilution) shall then
agree within 10 % of the original
determination after correction for
dilution.

Every 20 samples.

Preparation or Method Blank (MB)

<RL

Every 20 samples.

Laboratory Control Sample (LCS)

85-115 % Recovery

Every 20 samples.

Matrix Spike (MS), digested

70-130 % Recovery (Recovery
calculations are not required if
concentration of the spiked analyte
is <30 % of the native analyte
concentration in the sample.)

Two samples for every 20 samples.

Post-Digestion Spike

70-130 % Recovery per 6020A

For each time Matrix Spike.

Matrix Spike, undigested

70-130 % Recovery

Two for every 20 samples.

Duplicate Sample, digested

RPD <20 % for sample values > 5x
RL;
Or, limits are +/-RL for sample
values <SxRL

Two for every 32 samples.

Duplicate Sample, undigested

RPD < 15 % for sample values > 5
x RL;

Every 10 samples.
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QC Type or Operation

Acceptance Criterion

Frequency

Or, limits are +/-RL for sample
values <5 x RL

HR-ICP-MS Tune

Low resolution mass signal must be
> 3x10° cps for "Li, 2.5x107 cps for
151n, and 2.5x10° cps for 28U. The
%RSD < 2.5% for 23*U. Medium
resolution mass resolution between
Fe and ArO is > 4000. High
resolution mass resolution between
K and ArH > 9000.

Prior to calibration

Internal Standards

The absolute response of any one
internal standard in a sample must
not be <60 % or > 125 % of the
response in the calibration standard.

Internal standards shall be present
in all samples, standards, and
blanks (except the tuning solution)
at identical levels.

Determination of Method Detection
Limits

Annually and after major
instrument adjustment.

For sample analysis conducted by the GCRD Metals Laboratory (for total and dissolved metals
using EPA Method 200.7 (K-GCRD-SOP-1154-0), ICP-OES) the QC samples, and acceptance
criteria for water samples analyzed are listed in Table 11.

Table 11. GCRD Laboratory QC Requirements for I[CP-OES

QC Type

Acceptance Criteria

Frequency

Instrument Calibration

Criteria not given in 200.7. Ensure
that the new calibration is within
about 10% of the previous
calibration based on the standard
slopes for all elements and
wavelengths.

Daily before sample analysis.

Initial Calibration Verification
acv)

95-105 % Recovery

Immediately after calibration.

Initial Calibration Blank (ICB)

Analyzed at the beginning of the
run.

Low-Level Quantitation Limit
Standard (LLQLS)

70-130 % Recovery

Analyzed at the beginning of the
run after the ICV
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QC Type

Acceptance Criteria

Frequency

Continuing Calibration Verification
(CCv)

90-110 % Recovery

At beginning and end of run; every
10 samples during analytical run.

Continuing Calibration Blank
(CCB)

Analyzed immediately after every
Continuing Calibration Verification
(CCV); at beginning and end of run

and every 10 samples during an
analytical run.

Interference Check Sample

For solution AB, £20 % of the
analyte’s true value; for solution A
+ 20% of the interferent’s true
value, for all other analytes within
+2 times the RL of the analyte’s
true value.

At the beginning of the run after
the ICB but before the CCV and at
the end of the run.

Serial Dilution

If the analyte concentration is
sufficiently high (minimally a
factor of 50 above the MDL in the
original sample), the serial dilution
(a five-fold dilution) shall then
agree within 10 % of the original
determination after correction for
dilution.

Every 20 samples.

Digestion or Preparation Blank
(PB)

<RL

Two for every 32 samples.

Laboratory Control Sample
(LCS)

85-115 % recovery

Two for every 32 samples.

Matrix Spike
(MS) (digested and undigested)

75-125 % Recovery (Recovery

calculations are not required if

sample concentration >4x spike
added.)

Every 10 samples.

Matrix Spike Duplicate (MSD)
(undigested)

RPD < 15 % for sample values > 5x
RL; for sample values < 5x RL,
control limit = RL

Every 10 samples

Post-Digestion Spike

85-115 % Recovery

For each digested MS.

Duplicate Sample (digested)

RPD <20 % for sample values > 5x
RL; for sample values < 5x RL,
control limit = RL

Two for every 32 samples.
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For sample analysis conducted by the GCRD Metals Laboratory for Rare Earth Elements (for
dissolved elements using K-GCRD-SOP-1158-0) the QC samples and acceptance criteria for
water samples analyzed are listed in Table 12.

Table 12. GCRD Laboratory QC Requirements for REE Analysis.

QC Type or Operation

Acceptance Criterion

Frequency

Instrument Calibration

Acceptance criterion not given
due to use of forced zero.

Daily before sample analysis.

Initial Calibration Verification (ICV)

90-110 % Recovery

Following instrument calibration for
each mass used.

Initial Calibration Blank (ICB)

<RL

Following each instrument
calibration, immediately after the
ICV.

Continuing Calibration Verification
(ccv)

90-110 % Recovery

For each mass used, at a frequency
of at least after the ICV, every 10
samples, and at the end of each run.

Low Level Quantitation Limit
Standard (LLQLS) at the RL or QL

70-130 % Recovery

At the beginning of the run.

Continuing Calibration Blank (CCB)

<RL

At a frequency of at least after every
10 sample, and at the end of each
run. Performed immediately after

the last CCV.

Interference Check Samples (ICS1,
ICS2, and ICS3)

80-120 % Recovery of primary
elements (Pr, Nd, Eu, Sm, Gd,
and Tb)

ICS1: Eu<RL
ICS2: Gd(Pr), Tb(Nd), Er(Nd),
and Tm(Eu) <RL
ICS3: Dy(Sm), Ho(Sm), Er(Gd),
and Lu(Tb) <RL

At the end of the run.

Serial Dilution

If the analyte concentration is
sufficiently high (minimally a
factor of 50 above the RL in the
original sample), the serial
dilution (a five-fold dilution) shall
then agree within 10 % of the
original determination after
correction for dilution.

Every 20 samples.

Preparation or Method Blank (MB)

<RL

Every 20 samples.

Laboratory Control Sample (LCS)

85-115 % Recovery

Every 20 samples.

Matrix Spike (MS) digested

70-130 % Recovery (Recovery
calculations are not required if
concentration of the spiked
analyte < 30 % of the native
analyte concentration.)

Every 20 samples.
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QC Type or Operation

Acceptance Criterion

Frequency

Post-Digestion Spike

70-130 % Recovery

One for each pre-digestion Matrix
Spike.

Matrix Spike (MS) undigested

70-130 % Recovery (Recovery
calculations are not required if
concentration of the spiked
analyte < 30 % of the native
analyte concentration.)

At least 2 samples per every 20
samples.

Duplicate Sample digested

RPD <20 % for sample values >
5x RL
Or, limits are +/-RL for sample
values < 5x RL

Every 20 samples.

Duplicate Sample undigested

RPD < 15 % for sample values >
5x RL
Or, limits are +/- RL for sample
values < 5x RL

At least 2 samples per every 20
samples.

HR-ICP-MS Tune

Low resolution mass signal must
be > 3x10° cps for "Li, 2.5x107
cps for 3In, and 2.5x10° cps for
238U, The %RSD <2.5 % for 2*8U.
Medium resolution mass
resolution between Fe and ArO is
> 4000. High resolution mass
resolution between K and ArH >
9000.

Prior to calibration

Internal Standards

The absolute response of the
internal standard in a sample must
not be <60 % or > 125 % of the
response in the calibration
standard.

Internal standard shall be present in
all samples, standards, and blanks
(except the tuning solution) at
identical levels.

Determination of Method Detection
Limits

Annually and after major instrument
adjustment.

For sample analysis conducted by the GCRD Contract Laboratory for VOCs (for VOCs using K-
GCRD-SOP-3445-0) the QC samples and acceptance criteria for water samples analyzed are

listed in Table 13.

Table 13. QC requirements for VOC analysis.

QC Type

Acceptance Criteria

Frequency

Instrument Performance Check

Meet ion ratio criteria for p-
bromofluorobenzene (8260 ¢/D).

Prior to initial calibration;
beginning and end of the sample
que, and after every 20 samples.

Water Blank

No target analytes are found in the
method blank.

At the beginning of the sample que
before the method blank.

Initial Calibration (ICAL)

For linear or quadratic regression
model: R%>0.99; Lower standard
(LLOQCQ) recalculation (refit) is

Prior to analyzing samples, and as
needed if continuing performance
criteria cannot be met
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QC Type

Acceptance Criteria

Frequency

within + 50% of true value; other
standards > LLOQ withing + 30%
of the true value.

Second Source Verification (SSV)

Calculated concentration of target
analytes are with in + 20% of
expected value.

After each initial calibration and
prior to analyzing samples (after
the CCV at beginning of que.

Continuing Calibration Verification
(cev)

Calculated concentration of target
analytes are with in £ 20% of
expected values.

Following the method blank, every
20 samples and end of each sample
que. (At least one CCV should be
same concentration as the MS to
allow for comparison).

Method Blank (MB)

Target analyte concentrations in
MB <% LLOQ or < 10% of
concentration found in field blanks.

Analyze a MB at the beginning and
end of sample que, and after every
20 samples.

Lab Duplicate (LD) of a sample

RPD < 20% when the calculated
concentration is > 5*QL.

One per each set of 20 samples.

Matrix Spike (MS) of a sample

%R of spiked compounds should be
in the range of 70 — 130%.

One per each set of 20 samples.

Laboratory Control Spike (LCS)

%R of spiked compounds should be
in the range of 70 — 130%.

Along with the MS and MSD (at

least one CCV should be at same

concentration as MS to allow for
comparison).

Surrogate (Sur) Standards

%R of Sur peak area should be in
the range of + 20% compared to
response ratios in IS/Sur in the
initial calibration standards.

Every HS vial except the WB. A
control chart of the Sur %R is
plotted for all analyzed standards
and samples.

Internal Standard (IS)

IS peak area should be -50% to
+100% of average peak areas found
in the initial calibration standards

Every HS vial except WB. A
control chart of the % change of the
IS peak area is plotted for all
analyzed standards and samples

Performance Evaluation (PE)
Sample

Quantitative values should be
within acceptance range specified
by PE vendor.

Before SOP is approved and
biannually.

For sample analysis conducted by the GCRD Metals Laboratory for Strontium Isotopes (for
using K-GCRD-SOP-xxxx-x, under development) the QC samples and acceptance criteria for
water samples analyzed are listed in Table 14.

Table 14. QC requirements for Strontium isotope analysis.

QC Type

Acceptance Criteria

Frequency

TBD

TBD

TBD
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For sample analysis conducted by the GCRD Metals Laboratory for Mercury analysis (for using
K-GCRD-SOP-xxxx-x, under development) the QC samples and acceptance criteria for water
samples analyzed are listed in Table 15

Table 15. QC requirements for Mercury analysis.

QC Type Acceptance Criteria Frequency

TBD TBD TBD

For sample analysis conducted by the GCRD Metals Laboratory for Sulfur Isotope analysis (for
using K-GCRD-SOP-3830-0) the QC samples and acceptance criteria for water samples
analyzed are listed in Table 16.

Table 16. QC requirements for Sulfur Isotope analysis.

QC Type Acceptance Criteria Frequency
Mass 64 and mass 66 responses will At beginning and end of each
Blanks
be 50 mV or less. sequence.
o . . The difference between the true and In the middle and end of sample

Calibration verification 34 0

measured 6°*S < 0.5%o. sequence.

The difference between the mean

Sample Duplicates value of the original and duplicate Every 10 samples.

sample < 0.5%o.

Soil/sediment samples for X-ray diffraction will follow the methods outlined in K-GCRD-1107-
1 and the QA/QC outlined in this SOP. The performance of the diffractometer will be evaluated
on a quarterly basis by collecting a silicon powder (SRM 640b) diffraction pattern. The Si (111)
peaks centroid has a reported position of 35.965 °20. The acceptance criteria is a peak position
within + 0.02 °26. If the acceptance criterion is not met, then the goniometer will need to be
realigned.

For soil/sediment sample analysis preformed at GCRD the QC samples, and acceptance criteria
for are listed in Table 17.
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Table 17. QC requirements for soil/sediment analysis.

Blanks Calibration Checks AC* Second Source Lab Duplicates AC Matrlx
Analyte (Frequency) (Frequency) Standard AC (Frequency) Spikes AC
q y q y (Frequency) q y (Frequency)
- .
_015 pH units (After <0.5 pH units (At | <0.5 pH units (After
calibration; Every 10 L. S
pH NA beginning of a calibration; Every NA
samples; at the end of
. batch of samples) 10 samples)
analysis)
< .
—015 pH u1.11ts (After <0.5 pH units (At | <0.5 pH units (After
pH, 0.01 M calibration; Every 10 L. S
NA beginning of a calibration; Every NA
CaCl, samples; at the end of
. batch of samples) 10 samples)
analysis)
100 o
10% of calibration | 150, e cccond | RPD <30 % (After
. Standard (After oo
Electrical o Source Standard calibration and
. NA calibration; Every 10 L NA
Conductivity (At beginning of a every 10 samples
samples; at the end of
. batch of samples) thereafter)
analysis)

*AC = Acceptance Criteria

B.4.2 Additional QA objectives

The computer program AqQA (RockWare Inc., version 1.1.1) will be used as a check on the
quality of solute concentration data. The method will be to calculate the charge balance for each
solution. This is done by summing and comparing the net positive and negative charge from the
measured concentrations of anions and cations. The agreement should be within 15%. Poor

agreement would suggest that some major solute(s) is not accounted for in the analytical

measurements. At the discretion of the PL, discrepancies in this manner will be either flagged or
the identity of other sample components and/or reason(s) for poor agreement will be

investigated.
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SECTION C - ASSESSMENT AND OVERSIGHT

C.1 Assessments and Response Actions

For QA Category B projects, QA audits are conducted at the discretion of management and/or
the QA Manager. QA audits will be conducted in accordance with ORD QA Policy titled Audits
of Technical and Quality Systems.

Draft publications resulting from this project will undergo ORD clearance in STICS prior to
dissemination as required by ORD Policy titled ORD Clearance Policy and Procedures and
CESER SOP titled Standard Operating Procedure for Product Clearance.

C.2 Reports to Management

Results of QA audits will be reported in accordance with ORD QA Policy titled Audits of
Technical and Quality Systems. Implementation of corrective actions for audit findings will be
verified by the QA Manager, and status of implementation tracked through closure.

Required approvals for draft publications undergoing ORD clearance is documented in STICS.
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SECTION D - DATA VALIDATION AND USABILITY

D.1 Data Review and Verification

The PLs is responsible for maintaining data files, including their security and integrity. All files
(both electronic and hard copy) will be labeled such that it is evident that they are for this
project. This will be done in accordance with the ORD PPM 13.2, Scientific Recordkeeping:
Paper, ORD PPM 13.6, Scientific Recordkeeping: Electronic, as well as EPA Records Schedule
1035, Environmental Programs and Projects.

Data will be submitted to the PLs as either hard copies (field notes), or electronically (laboratory
data) on CD or DVD or via email. Data in hard copy form will be entered into Excel
spreadsheets on the PLs computer or designated staff. The data will be saved on a local server.
The local server is automatically backed up nightly. The PLs, technicians, post-docs, or students
will conduct this task. Data will be spot-checked by the PLs to ensure accuracy. If errors are
detected during spot-checks, the entries will be corrected. Detection of an error will prompt a
more extensive inspection of the data, which could lead to a 100 % check of the data set being
entered at that time if multiple errors are found.

Data in electronic form shall be electronically transferred to the spreadsheets. Data will be spot-
checked by the PLs to ensure accuracy of the transfer. If errors are detected during the spot-
check, the entries will be corrected. Detection of an error will prompt a more extensive
inspection of the data, which could lead to a 100 % check of the data set if multiple errors are
found.

An Excel workbook consisting of multiple spreadsheets will be compiled for each sampling
round. A standard format for the Excel spreadsheets will be developed for all of data. The Excel
spreadsheets will be utilized as the electronic data deliverable (EDD) for downloading the data
into a database if needed.

Criteria that will be used to accept, reject, or qualify data will include specifications presented in
this QAPP, including the methods used and the measurement performance criteria presented in
Tables 7-16. In addition, sample preservation and holding times will be evaluated against
requirements provided in Table 6.

D.1.1 % Recovery or Accuracy
m
%REC= o x100

Where m = measurement result

n = True Value (a certified or known value) of standard or reference
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D.1.2 Precision

Precision is described by Relative Percent Difference (RPD) as previously defined. The Relative
Percent Difference (RPD) is calculated based on the following:

2(a-b)
a+b

RPD= x100

where, a = sample measurement and b = duplicate sample measurement and a > b.

For duplicate samples collected in the field, the RPD will only be calculated where analyte
concentrations for both samples (primary and duplicate) are >5 times the quantitation level.
RPDs are expected to be less than or equal to 30%. If RPDs are greater than 30%, actions will be
taken to better understand the reason and data will be flagged. The duplicate samples will be
used for the purposes of determining reproducibility. In all cases, results reported in prepared
reports or publications will be based on the primary sample. Results for duplicate samples will be
reported in QA appendices or supporting material. Analytes detected in various blank samples
will be evaluated and flagged, if appropriate, in presentations of data. Generally, blank
contamination will be evaluated for significance when blank contaminants are above reporting
limits. Samples will be flagged if their concentrations are less than 10 times that in the associated
blank and greater than the QL.

D.1.3 Matrix Spike Recovery

Matrix spikes sample spiking levels are determined at the discretion of the individual analysts
(based on sample concentrations) and are included with the sample results.

spiked sample concentration-native sample concentration
%Recovery= , , X100
spiked sample concentration

D.1.4 Data Validation

Data validation will consist of initial and final review of data. Initial review will include
continuous oversight during field collection and lab analysis of data by the PL to avoid common
transcription errors associated with recording of data. Final review will include evaluation of all
collected data for suitability in data interpretation. It will include but is not limited to the
following activities: (1) assessment of data completeness, (2) review of logbooks and forms used
for data logging, and (3) review of calibration and standard checks.

Data reports are reviewed by the PL for completeness, correctness, and conformance with QAPP
requirements. All sample results are verified by the PL to ensure they meet project requirements

as defined in the QAPP and any data not meeting these requirements are appropriately qualified

in the data summary prepared by the PL. See Table 17 for the Data Qualifiers. The Contract
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Laboratory Program guidelines on organic methods data review (USEPA, 2008) is used as
guidance in application of data qualifiers.

D.2 Verification Methods

Data verification will evaluate data at the data set level for completeness, correctness, and
conformance with the method. Data verification will be done by those generating the data. This
will begin with the analysts in the laboratory and the personnel in the field conducting field
measurements, monitoring the results in real-time or near real-time. For the GCRD Labs at
RSKERC, data verification includes peer analysts in the labs and the team leader. The GCRD
Labs process goes beyond the verification level, as they also evaluate the data at the analyte and
sample level by evaluating the results of the QC checks against the SOP performance criteria.
For field measurements, the PL will verify the field data collected to ensure they meet
requirements as defined in the QAPP.
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Table 18. Data qualifiers

Qualifier Definition

U The analyte was analyzed for but was not detected above the reported quantitation limit (QL).
The analyte was positively identified. The associated numerical value is the approximate concentration of the analyte in the sample (due

J either to the quality of the data generated because certain quality control criteria were not met, or the concentration of the analyte was below
the QL).

B The analyte is found in a blank sample above the QL and the concentration found in the sample is less than 10 times the concentration found
in the blank.

H The sample was prepared or analyzed beyond the specified holding time. Sample results may be biased low.

* Relative percent difference of a field or lab duplicate is outside acceptance criteria.

R The data are unusable. The sample results are rejected due to serious deficiencies in the ability to analyze the sample and/or meet quality
control criteria. Sample results are not reported. The analyte may or may not be present in the sample.

Data Descriptors

Descriptor Definition

NR Not Reported by Laboratory or Field Sampling Team

NS Not Sampled

Note: If the analyte concentration was less than the Quantitation Limit (<QL), then the B qualifier was not applied.
If both an analyte and an associated blank concentration are between the MDL and QL, then the sample results are reported as <QL and
qualified with U.
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D.3 Reconciliation with User Requirements

The PL shall analyze the data, as presented below. Depending on the data collected additional
analysis may be added at a later date. The PL shall use the results from the data verification and
validation process to assess whether or not the data quality has met project requirements and
thereby the user requirements.

For concentration data below the MDL, a value of Y2 the MDL will be used. However, this
approach should only be followed in cases where detections above the MDL are available for 50
% or more of the concentration values in a data series to be used for calculating statistical
parameters (USEPA, 2010). This guideline will be followed, and any exceptions will be noted.

Analysis of primary and secondary data will also be carried out using the Geochemist’s
Workbench software package. Geochemical calculations will be performed to estimate the
saturation state of ground water and surface water with respect to naturally occurring minerals
(e.g., calcite, gypsum). The software is analogous to other packages (e.g., MinteqA2 and Phreeq-
C). Major ion data (e.g., Ca, Mg, Na, K, CI, SO4, HCO3, pH) and temperature are entered into a
user interface. The software uses the Debye-Hiickel equation to estimate ion activity coefficients
and a selectable thermodynamic database in order to calculate mineral saturation indices for
minerals that may be undersaturated, at equilibrium, or oversaturated in the prescribed system
(Bethke, 1996). The Lawrence Livermore National Laboratory database (thermo.com.v8.r6) will
be used for calculating aqueous speciation and mineral saturation. This software may also be
used to construct activity-activity diagrams, such as Eh-pH diagrams. Such diagrams can be
helpful in describing processes that impact the concentration of redox-sensitive elements, like
iron and manganese.

Geostatistics can be used to aid in the understanding of geospatial distributions of parameters
measured during the study. Geostatistical analysis will be accomplished using Rockworks, GS+
or other appropriate software packages. The geospatial distributions can be overlaid onto GIS
software such as Arc GIS or Google Earth.

Statistical calculations, such as determinations of the mean, median, and standard deviation will
be carried out using MS Excel, SYSTAT software, or Statistica software packages using
standard statistical methods. The descriptive statistics could be used in summary tables or could
be used on graphical projections of the data. Additional parametric or nonparametric summary
statistics could be reported depending on the data distribution that will need to be determined
after several data collection events. These additional summary statistics, if needed, will be added
at a later date.

Statistical calculations, such as analysis of variance and other non-parametric tests will be carried
out using MS Excel, SYSTAT, ProUCL, Statistica or similar software packages using standard
statistical methods. Statistical significance will be determined once several data sets have been
collected and the data distribution is better understood. It is likely that the level of significance
will be either a = 0.05 or a = 0.10. In addition, several statistical methods for determining

56



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

geogenic background and showing differences between geogenic background have been
proposed by Matschullat et al. (2000) and Reimann et al. (2008). These methods include 2o,
iterative 20, 40 outlier test, calculated distribution function, and the inflection point methods.
These techniques could potentially be used in this project.

57



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

REFERENCES

Aller, L., T.W. Bennett, G. Hackett, R.J. Petty, J.H. Lehr, H. Sedoris, D.M Nielsen, and J.E.
Denne, 1991. Handbook of Suggested Practices for the Design and Installation of
Ground-Water Monitoring Wells, EPA/600/4-89/034-REV. U.S. Environmental
Protection Agency, Las Vegas, NV.

American Society of Testing and Materials (ASTM), 1998. Standard Test Method D 4101
(Analytical Procedure) for Determining Transmissivity of Nonleaky Confined Aquifers
by Overdamped Well Response to Instantaneous Change in Head (Slug Tests). In the
Annual Book of ASTM Standards Vol. 04.08 Soil and Rock (I): D420 4914. ASTM,
West Conshohocken, PA.

American Society of Testing and Materials (ASTM), 1999a. Standard D 5521 Guide for
Development of Ground-Water Monitoring Wells in Granular Aquifers. In the Annual
Book of ASTM Standards Vol. 04.09 Soil and Rock (II): D 4943 - latest; Geosynthetics.
ASTM, West Conshohocken, PA.

Beljin, M., R. Ross, and S. Acree, 2014. 3PE: A Tool for Estimating Groundwater Flow
Vectors. U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-14/273, 2014.

Fendorf, S. and Sparks, D.L. 1996. X-ray absorption fine structure spectroscopy. In: Methods of
Soil Analysis, Part 3- Chemical Methods. Soil Science Society of America. Madison.
377-416.

Gee, G.W. and Or, D. 2002, Particle—size analysis, in Methods of Soil Analysis Part 4-Physical
Methods, Soil Science Society of America, Inc., Madison, Wisconsin, USA.

Halihan, T., J. Puckette, M. Sample, and M. Riley, 2009, Electrical resistivity imaging of the
Arbuckle-Simpson aquifer: Final report submitted to the Oklahoma Water Resources
Board, Oklahoma State University School of Geology, 92 p.

Johnston, C.T.; and Aochi, Y.O. 1996. Fourier Transform Infrared and Raman Spectroscopy. In:
Methods of Soil Analysis, Part 3- Chemical Methods. Soil Science Society of America.
Madison. 269-322.

K-GCRD-SOP-1089-4. Total Nitric Acid Extractable Metals from Aqueous Samples by
Microwave Digestion. 15 p.

K-GCRD-SOP-1090-5. Standard Operating Procedure for Total Nitric Acid Extractable Metals
from Solids and Sludges by Microwave Digestion. 11 p.

58



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

K-GCRD-SOP-1092-1. Standard Operating Procedure for Estimation of Hydraulic Conductivity
Distribution Using the Tisco/Quantum Engineering (Tisco/QE) Electromagnetic
Borehole Flowmeter. 12p.

K-GCRD-1097-2. Determination of Iodide in Water Samples Using 0.2 M Potassium Hydroxide
Carrier with Lachat Flow Injection Analysis, 11 pp.

K-GCRD-SOP-1103-1. Standard Operating Procedure for Performance of Slug Tests in
Saturated Porous Media Using Pneumatic Techniques. 9p.

K-GCRD-SOP-1104-1. Standard Operating Procedure for Performance of Slug Tests in
Saturated Porous Media Using Solid Slugs. 8p.

K-GCRD-1107-1. SOP for X-ray Diffraction Analysis Using the Rigaku Miniflex
Diffractometer. 18 p.

K-GCRD-SOP-1134-0. Water Level Monitoring Using Automated Pressure Transducer/Data
Loggers.

K-GCRD-SOP-1137-0. Determination of Stable Hydrogen and Oxygen Isotope Ratios in Water
Samples using a Picarro L21201 Cavity Ring-Down Spectrometer (CRDS), 30 pp.

K-TSCD-SOP-1139-0. SOP for Electrical Resistivity Field Data Acquisition. 9 p.

K-GCRD-SOP-1146-1. GCRD In-House Soil/Sediment Tracking System: Collecting/Receiving
Domestic Soil, Storing Domestic Soil, and Transferring/Disposing of Domestic soil. 31 p.

K-GCRD-SOP-1151-0. GWERD SOP for Quality Control Procedures for General Parameters
Analyses Using Lachat Flow Injection Analyzers (FIA), 12 p.

K-GCRD-SOP-1152-1. Sample Receipt and Log-in Procedures for GWERD, Ada, OK, 10 p.

K-GCRD-SOP-1154-0. Standard Operating Procedure for Operation of the Perkin Elmer Optima
8300 DV ICP-OES. 90 p.

K-GCRD-SOP-1156-0. SOP for Operation of the Thermo Scientific Element XR HR-ICP-MS.
42 p.

K-TSCD-SOP-1157-0. Data Acquisition with the Downhole Induction Logging Tool. 12 p.

59



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

K-GCRD-SOP-1158-0. SOP for the Determination of Rare Earth Elements using HR-ICP-MS.
39p.

K-GCRD-SOP-1159-0. SOP for Low Flow Sampling of Ground Water. 14 p.

K-GCRD-SOP-1165-0. Determination of Various Fractions of Carbon in Aqueous Samples
Using the Shimadzu TOC-VCPH Analyzer. 15 p.

K-GCRD-SOP-1745-0. Standard Operating Procedure for Operation of the TESCAN Vega3
Scanning Electron Microscope and Element EDAX Energy-Dispersive X-Ray
Spectrometer. 19 p.

K-GCRD-SOP-3329-0. SOP for the Determination of Inorganic Anions in Aqueous Samples
Using the Dionex ICS-2100 Ion Chromatography System. 21 p.

K-GCRD-SOP-3445-0. Determination of Volatile Organic Compounds (Fuel Oxygenates,
Aromatic, and Halogenated Hydrocarbons) in Water using Automated Headspace
GC/MS. 51 p.

Moore, M.M. and Reynolds, Jr., R.C. 1997. X-ray diffraction and the identification and analysis
of clay minerals. Oxford University Press, Inc. Oxford. 378p.

Nelson, D.W. and Sommers, L.E. 1996. Total carbon, organic carbon and organic matter. In:
Methods of Soil Analysis, Part 3- Chemical Methods. Soil Science Society of America,
Madison. 961-1010.

Rhoades, J.D. 1996. Salinity: Electrical Conductivity and Total Dissolved Solids. In: Methods of
Soil Analysis, Part 3- Chemical Methods. Soil Science Society of America, Madison.
417-436.

K-IO-SOP-1260-1. Field Analytical QA/QC.9 p.

Standard Method 3500-Fe B Fe Iron (Colorimetric). Standard Methods for the Examination of
Water and Wastewater.

Standard Methods for the Examination of Water and Wastewater, 20« Edition, 4500-N Nitrogen,
pp 4-99- 4-100.

Standard Method 4500-S*D for Wastewater. Standard Methods for the Examination of Water
and Wastewater.

60



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

Sumner, M.E. and Miller, W.P. 1996. Cation exchange capacity and exchange coefficients. In:

Methods of Soil Analysis, Part 3- Chemical Methods. Soil Society of America. Madison.
1201-1230.

Thomas, G.W. 1996. Soil pH and soil acidity. In: Methods of Soil Analysis, Part 3- Chemical

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

Methods. Soil Society of America. Madison. 475-490.

Department of the Interior, Bureau of Reclamation. Water Measurement
Manual. 1997. 3ed.

Environmental Protection Agency (US EPA) Method 360.1 (1971). Oxygen, Dissolved
(Membrane Electrode), 2 pp.

Environmental Protection Agency Method 170.1 (1974). Temperature, 1 pp.

Environmental Protection Agency Method 310.1 (1978). Alkalinity (Titrimetric, pH 4.5), 3
pp.

Environmental Protection Agency Method 353.1 (1978). Nitrogen, Nitrate-Nitrite
(Colorimetric, Automated, Hydrazine Reduction), 5 pp.

Environmental Protection Agency Method 120.1 (1982). Conductance (Specific
Conductance, umhos at 25°C), 3 pp.

Environmental Protection Agency Method 150.2 (1982). pH, Continuous Monitoring
(Electrometric), 3 pp.

Environmental Protection Agency Method 180.1 (1993). Determination of Turbidity by
Nephelometry, 10 pp.

Environmental Protection Agency Method 350.1 (1993b). Determination of Ammonia
Nitrogen by Semi-Automated Colorimetry, 15 pp.

Environmental Protection Agency Method 200.7 (1994). Determination of Metals and
Trace Elements in Water and Wastes by Inductively Coupled Plasma-Atomic Emission
Spectrometry, 58 pp.

Environmental Protection Agency Method 200.8 (1994). Determination of Trace Elements
in Water and Wastes by Inductively Coupled Plasma-Mass Spectrometry, 57 pp.

Environmental Protection Agency Method 9060a (2004). Total Organic Carbon, 5 pp.
61



Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

U.S. Environmental Protection Agency (2013). ProUCL, Version 5.0.00. U.S. Environmental
Protection Agency, Atlanta, GA

U.S. Environmental Protection Agency (2013), ProUCL Version 5.0.00 User Guide, EPA/600/R-
07/041, 2013. http://www.epa.gov/osp/hstl/tsc/ProUCL v5.0 user.pdf

62


http://www.epa.gov/osp/hstl/tsc/ProUCL_v5.0_user.pdf

Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

REVISION HISTORY

Revision #

Description

Effective Date

0

Initial Version

Date of Approval

63




Evaluation of Enhanced Aquifer Recharge Using Hydrogeologic, Geophysical (Surface and Borehole) and Geochemical Methods
in the Arbuckle-Simpson Aquifer K-GCRD-0032739-QP-1-1

Attachment 1. Groundwater Purge Log Form.

Project
Sample ID Date
Pump Placement Depth (Generally MW or GW wells) (ft)
Initial Final
Water Water
Level Level
Start Purge Purge
Time Rate
End of Pump Off
Purge Time Time
Weather
Conditions
DO
Specific pH ORP
Conductivity (mg/L)
Temp (mS/cm) TDS (mV)
Time Comments
O [<0.02
(g/L) i
. . Eﬁ/lzj Units/ [€1mV/
[£1 %/ min] ]nglnl min| min|
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Attachment 2. Analytical Service Request Form
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